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(57)Abstract: 

PURPOSE: To prevent the image-formation performance with 
reference to an inclined pattern, especially the improvement degree 
of the depth of focus, of an aligner from being deteriorated by a 
method wherein, although many optimized parts are included in 
longitudinal and transverse patterns on a reticle as the light-source 
shape of a deformed light source, some optimum parts are also 
included in the inclined pattern. 

CONSTITUTION: The shape of a light-shielding plate 8 includes a 
surface light- source part which is effective in forming the image of 
slightly inclined patterns Ta. Tb, and the greater part of a central 
crossed light-shielding part shields a surface light-source part 
which is not suitable for not only a longitudinal pattern Pv and a 
groove pattern Pb but also the inclined patterns Ta, Tb. As a 
result, when the image of the inclined patterns Ta, Tb is formed, a 
resolution and a depth of focus which are remarkably higher than 
those by an ordinary illumination (a simply circular or polygonal 
surface light source using an optical axis AX as the center) in 
conventional cases can be obtained. Consequently, it is possible to 
prevent the imageH^ormation performance with reference to the 
inclined patterns, especially the improvement degree of the depth of focus, of the aligner from being 
deteriorated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the projection aligner equipped with the illumination system which illuminates the mask with 
which the pattern which should be projected was formed, and the projection optics which projects the image of 
said pattern on a sensitization substrate said illumination system The illumination-light study system which has 
the field which serves as relation of the Fourier transform optically to the pattern side of said mask inside, the 
optical part construction which distributes the illumination light in the predetermined radius centering on an 
optical axis on said Fourier transform side or its near side ~ a law ~ a means ~ containing ~ optical; this 
construction [ part ] — a law ~ a means, while distributing said illumination light in the field of the shape of 
zona orbicularis of the predetermined width of face centering on said optical axis The projection aligner 
characterized by distributing said illumination light over the field of discrete two or more parts except the core 
inside the field of the shape of this zona orbicularis. 

[Claim 2] The light source for irradiating the illimiination light at the mask with which the pattern which should 
be projected was formed. The illumination-light study system firom which the field which serves as relation of 
the Fourier transform optically to the pattern side of said mask is formed in the interior, and the secondary light 
source of said light source is made by this Fourier transform side or its near side, In the projection aligner 
equipped with the projection optics which carries out incidence of the light from the pattern of said mask 
irradiated by the illumination light from this illumination-light study system, and carries out image formation 
projection of the image of this pattern on a sensitization substrate The 1st pattern configuration where the 
pattern on said mask has periodicity in each of the 2-way which intersects perpendicularly mutually, When 
there are more rates that it is formed in the 2nd pattern configuration which has periodicity in the direction 
which intersects each of this 2-way, and said 1 st pattern configuration closes on said mask than the rate that said 
2nd pattern configuration closes. So that the oblique illumination light corresponding to the direction of the 
periodicity of the configuration of said 1st pattern may be made Said Fourier transform side or the 1st setting 
member which sets the 1st surface of light source as each of four fields in which eccentricity only of the 
specified quantity is carried out, and it is mutually located symmetrically from the optical axis of said 
illumination-light study system on the near side, So that the oblique illumination light corresponding to the 
direction of the periodicity of said 2nd pattern configuration may be made It has said Fourier transform side or 
the 2nd setting member which sets the 2nd surface of light source as each of four fields in which eccentricity 
only of the specified quantity is carried out, and it is mutually located symmetrically from the optical axis of 
said illumination-light study system on the near side. The projection aligner characterized by making area of 
said 1 st surface of light source leirger than the area of said 2nd surface of light source. 
[Claim 3] Said 1st setting member and 2nd setting member are equipment given in the 2nd term of a claim 
characterized by what the transparency section configuration of the gobo arranged in the Fourier fransform side 
or its near side of said illumination-light study system prescribed. 

[Claim 4] Said illumination-light study system is equipment given in the 3rd term of a claim characterized by 
having zirranged said gobo to the injection side side of this fly eye lens including the fly eye lens which makes 
said surface of light source. 

[Claim 5] The 1 st pattern configuration formed in the 2-way which intersects perpendicularly on a mask with 
periodicity, The projection optics which carries out image formation projection of the 2nd pattern configuration 
which has periodicity in the other direction on a sensitization substrate. While making the image formation of 
the light source image by the fly eye lens which forms the light source image of the magnitude which carries out 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.ncipi.go... 11/30/2005 



JP,06-196388,A [CLAIMS] 



Page 2 of 2 



incidence of the light from the light source, and is included by the circular field of a predetermined radius, and 
this fly eye lens carry out in the center of the pupil surface of said projection optics, or its near side In the 
projection aligner equipped with the condensing optical system on which the light from each point in said light 
source image is made to superimpose on said mask When two axes of coordinates corresponding to each of the 
2-way which intersects perpendicularly mutually among the directions of the periodicity of said pattern by 
making the core of said light source image into a zero are set up, this ~ with the 1st transparency section which 
four quadrants specified with two axes of coordinates were alike, respectively, and was mostly formed in the 
same area Mostly from said zero in an equidistant location to each four on said two axes of coordinates The 
projection aligner characterized by having arranged the gobo which has the 2nd transparency section mostly 
formed in the same area to the injection side of said fly eye lens, and changing the area of the 1st transparency 
section of said gobo, and the 2nd transparency section according to the significance of said 1st pattern 
configuration and 2nd pattern configuration. 

[Claim 6] Incidence of the light from the light source is carried out to the projection optics which carries out 
image formation projection of the pattem of a mask on a sensitization substrate. In the projection aligner 
equipped with the illumination-light study system which forms the surface light source of a predetermined 
configuration in the optical Fourier transform side over said mask, or its near side, and irradiates the light from 
this surface light source imiformly on said mask When r and the coherence factor of said surface light source 
are made into a sigma value for the radius of the circle which defined the rectangular coordinate system XY and 
was approximated to the appearance of said surface light source by making the core of said surface light source 
into a zero. It is each about multipliers a and b. 0.1 r/sigma<=a <= 0.4 r/sigma As 0.4 r/sigma<=b <= 0.8 
r/sigma The projection aligner characterized by preparing the optical intensity-distribution controller material 
which makes optical reinforcement with the inside of the field of -a<=X<=a, the inside of the field of - 
b<=Y<=b and -a<=Y<=a, and -b<=X<=b smaller than other fields on said surface light source, or is set to about 
0. 

[Claim 7] Said optical intensity-distribution controller material is a multiplier c. When it considers as 0.3 
r/sigma<=c <= 0.6 r/sigma, it is X2+Y2 <=c2 on said svirface light source. Equipment given in the 6th term of a 
claim characterized by making optical reinforcement in a field smaller than other fields, or being referred to as 
about 0. 

[Claim 8] said illiraiination-light study system is constituted so that image formation of the zero of said surface 
light source may be carried out to the core of the pupil surface of said projection optics ~ having -- the radius on 
said surface light source of the effectual pupil diameter of this projection optics ~ rO ** ~ the time of carrying 
out ~ a ratio with the radius r of said surface light source ~ r/rO it is ~ equipment given in any 1 term of the 6th 
term of a claim characterized by making a sigma value or more into 0.7, or the 7th term 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the aligner which devised to the lighting of the mask (reticle) 
with which the pattern which should be imprinted especially was formed about the projection aligner used for 
the exposure imprint of detziiled patterns, such as a semiconductor integrated circuit and a liquid crystal display 
component. 
[0002] 

[Description of the Prior Art] In the lithography process to which detail ed-izati on progresses every year, 
installation of the practical projection aligner for current and 64 MD-RAM manufacture is indispensable. In 
order to attain the projection exposure imprint of such a detailed pattern in sufficient precision, more various 
devices than before are proposed, among those, the pattem which should be imprinted especially also came 
periodicity in a certain direction suddenly like Rhine - and - tooth space (it considers as L&S below), it was 
alike, and super resolution techniques, such as JP,4-108612,A and JP ,4-2255 14,A, were proposed as technique 
to which resemble markedly rather than before and resolution and the depth of focus are made to expand. 
[0003] This super resolution technique is making special only the orientation property of the illumination light 
to the mask substrate (reticle) with which the L&S pattem which should carry out projection exposure was 
formed, and makes the detailed pattem which was not resolved resolve with sufficient depth of focus in the 
conventional lighting. The orientation property of the illumination light is made by controlling distribution of 
the illumination-light bundle in the Fourier transform side over the reticle in an illvimination-light study system, 
i.e., distribution of secondary light source images, corresponding to whenever [ of the pattem of L&S of a 
reticle / detailed ] (pitch etc.). 

[0004] Drawing 1 is the perspective view showing the typical configuration of the illumination-light study 
system which applied the technique indicated by the above-mentioned official report. Here, the point of this 
merctiry lamp 1 emitting light is arranged to the 1st focus of the ellipse mirror 2, using a mercury lamp 1 as a 
source of the illumination light. Once converging the illumination light ILa reflected in the ellipse mirror 2 with 
the 2nd focus 3, it is reflected by the non-illustrated mirror and incidence of it is carried out to the collimator 
lens system 4. When the ellipse mirror 2 and a mercury lamp 1 are generally combined like drawing 1 , the 
cross section of the illumination light ILa has zona-orbicularis-like (shape of doughnut) intensity distribution. 
The illvunination light ILa of the cross section of the shape of this zona orbicularis is mostly changed into the 
parallel flux of light by the collimator lens system 4, and reaches the gobo 8 arranged in the Fourier transform 
side within an illumination system. On a gobo 8, four openings are prepared firom an optical axis AX in an 
equidistant location, and the fly eye lenses 7 A, 7B, 7C, and 7D are formed in each of this opening. Each of each 
plane of incidence of these fly eye lenses 7A-7D is located in the illimiination-light bxmdle ILa of a zona- 
orbicularis-like cross section. Moreover, the point light source image of a mercxiry lamp 1 is formed in each 
injection side of the fly eye lenses 7A-7D only several minutes of the element lens in the fly eye lens. 
Therefore, secondary light source images (surface light source) are formed in each injection side of the fly eye 
lenses 7A-7D. 

[0005] The illumination light from each of each fly eye lenses 7A-7D is uniformly superimposed on the pattem 
formation field PA of Reticle R, and is irradiated by the inverse Fourier transform optical system 1 1 (it is 
henceforth called a condenser lens for convenience) containing a condenser lens etc. When Reticle R is 
arranged and the core is made into the zero of system of coordinates XY so that an optical axis AX may pass at 
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the core of pattern space PA of Reticle R, in many cases, a L&S-like reticle pattern is divided into the L&S 
pattern (vertical pattern) Pv which has a pitch in the direction of X, and the L&S pattern (horizontal pattern) Ph 
which has a pitch in the direction of Y. That is, in pattern space PA, a pattern group with periodicity is gathered 
and formed about the 2-way of the direction of X, and the direction of Y. 

[0006] If lighting conditions shall be optimized to the minimum thing among X of the L&S patterns Pv and Ph, 
and the pitch of the direction of Y, eccentricity yalpha from each optical axis AX of the fly eye lenses 7A-7D 
and xbeta will be decided by the minimum pitch of the L&S pattern, and the most important relation. The 
wavelength of Gy (micrometer) and the illumination light ILa for the minimum pitch of the direction of Y of the 
L&S pattern Ph For example, lambda (micrometer). When the distance from a condenser lens 1 1 to Reticle R, 
i.e., a focal distance, is set to f (mm) and the angle of diffraction (include angle from zero-order light) of the 
primary diffracted light generated from the L&S pattern Ph is set to 2thetay (rad), Eccentricity yalpha of the 
direction of Y of one fly eye lens to which its attention is paid is decided that sin2theta y=lambda/Gy and y 
alpha=f-sin theta y are mostly filled by coincidence. 

[0007] Furthermore, it is decided that sin2theta x=lambda/Gx and x beta=fsin theta x are mostly satisfied with 
coincidence of eccentricity xbeta of the direction of X of one fly eye lens to which its attention is paid when the 
niinimum pitch of the direction of X of the L&S pattern Pv is set to Gx (micrometer) and the angle of 
diffraction of the primary diffracted light generated from the L&S pattern Pv is set to 2thetax (rad). as 
mentioned above, in the conventional special illumination (deformation light source) For super resolution 
projection of Pattern Pv which has a pitch in the direction of X among the L&S patterns on Reticle R The pair 
of secondary light source images which carried out eccentricity in the direction of X symmetrically on the 
Fourier transform side (7 D with fly eye lens 7 A) or for super resolution projection of Pattern Ph which the 
oblique illumination light from the fly eye lenses 7B and 7C contributes, and has a pitch in the direction of Y 
The oblique illumination light from the pair (the fly eye lenses 7A and 7B or fly eye lenses 7C and 7D) of 
secondary light source images which carried out eccentricity symmetrically contributes in the direction of Y on 
a Fourier transform side. 

[0008] In addition, the rotary shutter which controls initiation and interruption of exposure to the 2nd focus 3 in 
drawing 1 is arranged, the 2nd focus 3 is secondary light source images and conjugation which are formed in 
each injection side side of the fly eye lenses 7A-7D, and each plane of incidence of the fly eye lenses 7A-7D 
has become conjugate [ of Reticle R / the pattern side and conjugate ]. 
[0009] 

[Problem(s) to be Solved by the Invention] In the conventional technique like the above, it is effective in 
improving resolution and the depth of focus about the specific direction of the circuit original edition (reticle) 
which should be imprinted, for example, the periodic pattern of a 2-way which intersects perpendicularly, 
however, about the pattern which has periodicity in other directions, especially the direction which the 2-way 
the 2-way and the above cross at right angles boiled, respectively, and it received and was rotated 45 degrees, 
there was a problem that resolution and tiie depth of focus fell rather tiian the aligner which applied the usual' 
illumination. 

[0010] these aim at offer of the projection aligner witii which high resolving and large focus depth are obtained 
from usual equipment also with the slanting (for example, 45-degree rotation) pattern with which directions 
differ, accomplishing this invention in view of such a problem, and raising sharply the resolution of the 2-way 
pattern which is alike, respectively and has periodicity of the direction [ parallel to especially a reticle 
appearance ] in every direction on a reticle, and the depth of focus. 
[0011] 

[Means for Solving the Problem] The two-dimensional configuration of the light source image (surface light 
source) formed in the Fourier transform side in the illumination-light study system for the mask lighting of a 
projection aligner is applied to the conventional configuration, and it was made to deform it a little in this 
invention. It is made for the zona-orbicularis part outside the circle C2 of a predetermined radius not to 
specifically shade at all from a zero among the surface light sources (here injection side of the fly eye lens 7) 
included in the almost circular field CI, as shown in drawing 2 . And cross-joint-like protection-from-light 
section 8 A prolonged in each of X and the direction of Y from the zero is prepared inside a circle C2, and the 
fransparency section (surface of light source) mutually divided into each of four quadrants specified with X and 
a Y coordinate shaft was formed. The transparency section of the four quadrants contributes to the super 
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resolution of a periodicity pattern which has a pitch in each of X and the direction of Y as usual. 
[0012] Although all of four points of cross-joint-like protection-from-Hght section 8 A were installed in the 
former beyond the radius (almost radius of a circle CI) of the surface light source, four points of the cross-joint- 
like protection-from-light section 8 are made smaller than the radius of the surface light source, and it was made 
for the surface light source small in area to exist also in the outside of these four points in this invention. In 
addition, a setup of the rectangular coordinate system XY in this drawing 2 is completely the same as the thing 
of drawing 1 R> 1 , and the zero of system of coordinates XY is in agreement with the optical axis AX of an 
illumination-light study system or projection optics. Moreover, in drawing 2 , EP expresses the pupil surface of 
the projection optics seen in the injection side of the fly eye lens 7 as a two-dimensional light source image 
(surface light source). 

[0013] Generally with this kind of projection aligner, a surface light source image (image of the injection side 
of the fly eye lens 7) is formed in the pupil surface (Fourier transform side) of projection optics, and radius rO of 
the pupil EP of the projection optics seen on the Fourier transform side in an illumination-light study system a 
ratio with the radius r of the surface Hght source - r/rO Things are called a sigma value. Then, if 0.7 to about 0.8 
and radius r* of a circle C2 are made into 0.64r0=0.64 r/sigma extent for the radius of a circle CI by the sigma 
value in drawing 2 , the effectiveness of super resolution will fully come to be acquired also to a periodic 
pattern with a line breadth of 0.4-0.45 micrometers which has a pitch in the direction rotated only 45 degrees to 
each of X and the direction of Y. In addition, about the setups of circles CI and C2 and the dimension 
conditions of cross-joint-like protection-from-light section 8A which were shown in drawing 2 , it illustrates in 
a detail in future examples. 
[0014] 

[Function] While many parts optimized by the pattem in every direction on a reticle were included as the so- 
called light source configuration of the deformation light source, it was made to also include slightly the part 
(outside at the tip of cross-joint-like protection-from-light section 8A of drawing 2 ) optimal also about a 
slanting pattem in this invention. For this reason, in the conventional deformation light source, the resolution 
and the depth of focus of a slanting pattem which had usually got worse from lighting rather are also usually 
improvable compared with lighting. Moreover, since the balance of the area (quantity of light) of the light 
source section optimized by the pattem in every direction and the area (quantity of light) of the light source 
section optimized by the slanting pattem is also optimized, an improvement of the resolution at the time of 
projection of a pattem in every direction and the depth of focus can also be realized almost to the same extent as 
the case of the conventional deformation light source configuration. In addition, when the zona-orbicularis-like 
surface light source section (radius r'-r) is prepared in the outside of cross-joint-like protection-from-light 
section 8A like drawing 2 , even if the direction of the periodicity of a slanting pattem is not necessarily 45 
degrees (or 135 degrees) to each of X and the direction of Y, the effectiveness of this invention is acquired. 
[0015] 

[Example] Drawing 3 is drawing showing the overall outline configuration of the projection aligner by the 
example of this invention. And the same sign is given to the thing in drawing 1 , and the thing of the same 
fiinction by the member in drawing 3 . After converge of the illumination light ILa from a mercury lamp 1 is 
carried out to the 2nd focus 3 in the ellipse mirror 2, incidence of it is carried out to the fly eye lens 7 through 
the collimator lens system 4, a mirror 5, and the input side field lens 6. Rotary shutter 19A which rotates to an 
one direction is arranged in the location of the 2nd focus 3, and shutter 19A is controlled by drive unit (motor, 
drive circuit, etc.) 1 9B. Moreover, in case incidence of the illumination light ILa is carried out to the fly eye 
lens 7, it has zona-orbicularis-like intensity distribution like the case of drawing 1 , but it is suitable for the case, 
although the configuration of a gobo (diaphragm) 8 prepared in the injection side of the fly eye lens 7 makes the 
deformation light source like drawing 2 R> 2. However, when switching a gobo 8 to the gobo 9 with the same 
circular aperture diaphragm as usual and usually illuminating, the intensity distribution of the shape of zona 
orbicularis of the illumination light ILa are not so desirable. In the case of that to which especially the reticle R 
applied the phase shift method, the numerical aperture of the illxmiination light to Reticle R is extracted to a 
comparatively small value (it is 0.2 to about 0.4 at a sigma value). In that case, only the light of the center 
section of the intensity distribution of the shape of zona orbicularis of the illumination light ILa from the 
element lens of die central part of the fly eye lens 7, i.e., the illumination light, will be used for reticle lighting, 
and will cause an illuminance fall. ' 
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[0016] then, the time of usually changing to lighting -- for example, ~ USP.4,637,691 etc. ~ it is good to 
arrange the prism 30 which is indicated exchangeable between a collimator lens 4 and the field lens 6, and to 
operate the intensity distribution of the shape of zona orbicularis of the illumination light ILa orthopedically to 
distribution of a circle configuration. Now, the turret 1 0 which holds the gobo 8 and the gobo 9 usually for the 
light sources for the deformation light sources like drawing 2 exchangeable is formed in the injection side of the 
fly eye lens 7. A turret 10 is rotated by drive unit lOA for every predetermined include angle. In drawing 3 , the 
gobo 8 is positioned at the injection side of the fly eye lens 7. In this way, incidence of the illumination light 
ILb which passed along the transparency section of a gobo 8 is carried out to a condenser lens 1 1 through the 
output side field lens 13 and a mirror 12. The light fi-om each point light source of two or more element lenses 
out of which it was chosen in the fly eye lens 7 is altogether superimposed on the pattern space of Reticle R, 
and is uniformly irradiated by the condenser lens 1 1 . The illumination light ILa shown in drawing 3 is 
expressed on behalf of the light from the point light source of one selected element lens. 

[0017] Here, the relation between the protection-from-light section configuration of a gobo 8 and element lens 
arrangement of the fly eye lens 7 is the same as what was shown in drawing 2 , and actually, the outside of the 
circle CI in drawing 2 is also made into the protection-from-light section, and it vapor-deposits and makes a 
metal layer etc. for it on transparency plates, such as a quartz plate, also including cross-joint-like protection- 
from-light section 8 A. Moreover, the injection side (or field of a gobo 8) of the fly eye lens 7 has relation of the 
optical Fourier transform to the pattern side of Reticle R. Therefore, by the condenser lens 11, the light from the 
point light source made from one element lens of the fly eye lens 7 serves as the parallel flux of light of an 
angle of incidence theta, and carries out oblique illumination of the reticle R. At this time, the eccentricity 
(distance from an optical axis AX) on one Fourier transform side of the point light source is in the sine (sin 
theta) and proportionality of the incident angle theta. As for this angle of incidence theta, an optimum dose 
value exists according to the pitch of the periodic pattern on Reticle R. Since it is indicated by previous JP,4- 
225 5 14, A etc. about tiie decision approach of eccentricity yalpha to a pattern periodic to each of X and the 
direction of Y, and xbeta, the explanation is omitted here. 

[001 8] the zero-order diffracted light DO among each diffracted light generated from the periodic pattern of the 
specific pitch on Reticle R by the exposure of the illumination light ILb The one primary diffracted light Dl a 
both-sides tele cent — Wafer W is reached after being symmetrically distributed within the pupil EP of the 
rucksack projection optics PL. Therefore, the periodic pattern of the specific pitch on Reticle R is the one 
primary diffracted light Dl. Zero-order diffracted light DO Image formation is carried out on Wafer W as a 
light-and-darkness image made by interference. Since the resist layer is applied to the front face of Wafer W, 
the open time amount of shutter 19A is controlled, and if the optimal exposure quantity of light corresponding 
to the resist is given, the contraction image of the periodic pattern of Reticle R will be formed in a resist layer. 
[0019] The wafer W is laid on the stage WST which carries out two-dimensional migration in a field 
perpendicular to an optical axis AX, and Stage WST is driven by drive unit 18B, such as a motor, based on the 
measurement result of the coordinate location by laser interferometer ISA. A confrol unit 20 controls the wafer 
stage WST, drive unit 19for shutters B, and drive unit lOA for turrets in generalization. The automatic control 
according to the library-name of Reticle R to drive imit lOA for turrets or the manual control by the directions 
from an operator is especially possible. 

[0020] Drawing 4 is the top view showing the concrete configuration of the gobo 8 by the 1 st example, and 
drawing 5 shows typically the periodic pattern arrangement on the reticle R when seeing by the same system of 
coordinates as the system of coordinates XY in drawing 4 . Although it is few if many the periodic vertical 
patterns Pv (a pitch is the direction of X) parallel to Directions X and Y and the horizontal patterns Ph (a pitch 
is the direction of Y) of appearance each side of a reticle exist on Reticle R and it carries out comparatively 
compared with them as shown in drawing 5 , the periodic slanting patterns Ta and Tb which carried out 45- 
degree (or 135 degrees) rotation to each of X and the direction of Y also exist. It is that the configuration of 
such a pattern is common not only in this example but the reticle as the circuit original edition for 
semiconductor devices, and there are many rates of the vertical pattern Pv and the horizontal pattern Ph, and 
few things of the rate of the slanting patterns Ta and Tb are common. 

[0021] If the illumination light from the illumination-light study system which applied the gobo 8 shown in 
drawing 4 is irradiated to the reticle R which has these patterns The resolution and the depth of focus at the time 
of projection with the vertical pattern Pv on Reticle R and the horizontal pattern Ph improve as usual by making 

http://www4.ipdl.ncipi.go.jp/cgi-bin/fran_web_cgi_ejje 1 1/30/2005 



JP,06-196388,A [DETAILED DESCRIPTION] 



Pages of 13 



into the surface light source each of four flabellate form area pellucida 81a, 81b, 81c, and 8 Id divided by width- 
of-face 2a and cross-joint-like protection-from-light section 8A of die-length 2b. Here, a gobo 8 has zona- 
orbiculans protection-from-light section 8B of the outer-diameter value rO and a bore r in the outermost 
penphery, and die-length b from a zero (point along which an optical axis AX passes) to the tip of cross-joint- 
hke protection-from-hght section 8 A is set as the relation of r>b. in addition, the bore edge of zona-orbicularis 
protection-from-hght section SB ~ the circle CI in drawing 2 - corresponding - outer-diameter value rO of 
zona-orbiculans protection-from-Iight section 8B if it shall correspond to the effectual overall diameter 
(namely, maximum numerical-aperture N.A.) of the pupil BP of projection optics PL - the bore value r and the 
outer-diameter value rO of zona-orbicularis protection-from-hght section 8B a ratio - r/rO It is exactly the sigma 
value of a coherence factor. 

[0022] Furthermore, in the gobo 8 of drawing 4 , the area pellucida 81e, 81f, 81g, and 81h effective in the image 
formation of the slanting patterns Ta and Tb is formed in each point of X of cross-joint-like protection-from- 
hght section 8A, and the direction of Y. In this conventional kind of lighting, those four area pellucida 81e 8 If 
8 1 g, and 8 1 h was altogether made into the protection-from-light section. When a light source image (surface ' 
light source) is made to each of these four area pellucida 8 1 e-8 Ih, the side effect that some the resolution and 
the depth of focuses at the time of projection of the vertical pattern Pv or the horizontal pattern Ph are degraded 
occurs. However, to the vertical pattern Pv and the horizontal pattern Ph, compared with each effective 
flabellate form area pellucida [ 81a-81d ] area (or quantity of light), since each area (or quantity of light) of four 
area pellucida 81e-81h is small enough, it does not spoil greatly the projection engine performance about the 
vertical pattern Pv or the horizontal pattern Ph. 

[0023] It is set to relation [ of each values r (sigma), a, and b of a gobo 8 ], 0.1 r/sigma<=a <= 0 4 r/sigma and 
0.4 r/sigma<=b <= 0.8 r/sigma extent here. A value a The effectiveness as the deformation light source will 
disappear and not usually different from lighting (a mere round shape or the polygon surface light source 
centenng on an optical axis AX) at all, if it becomes smaller than 0. 1 r/sigma (namely, 0. IrO) Furthermore a 
value a If it becomes larger than 0.4 r/sigma (namely, 0.4r0), since it will be made in the place which the center- 
of-gravity point on each four flabellate form area pellucida [ 8 la-81d ] area separated greatly from the zero of a 
gobo 8, Although optimization of the tilt angle of the illumination light is achieved to that to which the pitch 
became more detailed among the patterns Pv and Ph on Reticle R, optimization is not achieved to the pattern 
with which the pitch became coarse, but the expansion effectiveness of the depth of focus consists is hard to be 
acquired of it. 

[0024] Moreover, since the unsuitable surface light source, i.e., area pellucida [ 81e-81h ] area, will increase to 
resolving of the vertical pattern Pv and the horizontal pattern Ph if smaller also about a value b than 0 4 r/sigma 
the depth of focus at the time of projection of the patterns P v and Ph in every direction will decrease 
remarkably. Conversely, a value b If it becomes larger than 0.8 r/sigma, the improvement effect of the 
resolution at the time of projection of the slanting patterns Ta and Tb or the depth of focus will diminish 
[0025] Moreover, in the configuration of the gobo 8 shown in drawing 4 , though small, the surface light source 
section effective in the image formation of the slanting patterns Ta and Tb is included, and the great portion of 
central cross-joint-like protection-from-light section 8A is also shading the unsuitable surface light source 
section also not only to the vertical pattern Pv and the horizontal pattern Ph but to the slanting patterns Ta and 
Tb. for this reason, also in the image formation of the slanting patterns Ta and Tb, rather than the conventional 
usual hghtmg (it centers on an optical axis AX - being mere - circular or the polygon surface light source) it 
can be markedly alike and high resolution and the high depth of focus can be obtained. 

[0026] Now, drawing 6 shows the configuration by the 2nd example of a gobo 8, and has attached the same sign 
to the same part as the configuration of the gobo 8 of drawing 4 . Although this example is fundamentally the 
same as the gobo of drawing 4 , it differs in that the circular protection-from-light section of a radius rc (rc >a) 
was prepared m the core of central cross-joint-like protection-from-light section 8A'. Thus if the core of the 
surface light source is covered in the circular protection-from-light section, about the image formation of the 
vertical pattem Pv and the horizontal pattern Ph, it will become less than the case where each area of the 
effective light source section 81a-81d, i.e., four flabellate form area pellucida, is drawing 4 . and the rate of each 
area of the effective light source section 81e-81h, i.e., four area pellucida, will increase about the image 
formation of the slanting patterns Ta and Tb relatively especially. For this reason, the resolution and the depth 
ot tocus at the time of the image formation of the slanting patterns Ta and Tb are further improvable from Uie 
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case of drawing 4 . 

[0027] Moreover, the part newly shaded with the gobo 8 of drawing 6 is a location near an optical axis AX in 
comparison, and the effectiveness of improving the depth of focus at the time of the image formation of the 
vertical partem Pv of a pitch [ being a little coarse (the line breadth for example, on a wafer being 0.5 
micrometers or more) ] and the horizontal partem Ph does not not much have the effectiveness of improving 
resolution and the depth of focus to the length of a more detailed pitch of a certain thing, and the horizontal 
patterns Pv and Ph. Therefore, though it is few, when the L&S partem on the reticle R which should carry out 
projection exposure is restricted to the thing of a comparatively detailed pitch, and the comparable slanting 
pattern of a pitch is also contained at a moderate rate, the synthetic image formation engine performance of the 
length and the horizontal pattems Pv and Ph using the gobo 8 of drawing 6 does not deteriorate [ the time of 
using the gobo 8 of drawing 4 / especially ]. 

[0028] It is set to the radius r2 of the circular protection-from-hght section of the center of the gobo 8 of 
drawing 6 , and 0.3 r/sigma<=r 2 <=0.4 r/sigma extent here, and the conditions of a<r2<b are also considered 
strictly. If the value of a radius r2 becomes small and it becomes a>=r2 after all here, in order not to be different 
from the configuration of the gobo 8 of drawing 4 at all, the depth of focus expansion operation at the time of 
the image formation of the slanting pattems Ta and Tb will decrease a little. Conversely, if the value of a radius 
r2 is enlarged, since the surface light source configuration approaches the zona orbicularis, the depth of focus 
expansion operation at the time of the image formation of length and the horizontal pattems Pv and Ph will 
decrease. 

[0029] Although drawing 7 shows the configuration by the 3rd example of a gobo 8 and is fundamentally the 
same as the configuration of the gobo 8 of drawing 4 , it is the inside of zona-orbicularis-like protection-from- 
light section 8B of a periphery, and differs in that the very small protection-from-light sections 8C and 8D 
which have the comer of 90 degrees in a part of each four flabellate form transparency sections 81a-81d were 
formed. These very small protection-from-light sections 8C and 8D had the edge parallel to each of the X-axis 
and a Y-axis, only distance dy has separated them from the X-axis in the direction of Y, and only distance dx 
has separated the Y-axis and the parallel edge from the Y-axis in the direction of X. Those very small 
protection-from-light sections 8C and 8D are formed in the ftirthest part from each of the X-axis and a Y-axis in 
flabellate form protection-from-light sections [ 81a-81d ] each, and the illumination-light bundle from the part 
of these protection-from-light sections 8C and 8D has the orientation property optimized to the thing which has 
the smallest pitch, or the slanting pattern of a detailed pitch as the vertical pattern Pv and a horizontal pattern 
Ph. For this reason, a depth of focus expansion operation is acquired at the time of the image formation of 
length with the such smallest pitch, a horizontal partem, or a detailed slanting pattem. However, an 
illumination-light bundle will act in the direction which decreases the depth of focus rather at the time of the 
image foraiation of a L&S partem whenever [ of whenever / middle / (for example, line breadth of 0.4-0.5 
micrometers) ] detailed from the part of the protection-from-light sections 8C and 8D. 

[0030] Therefore, it can be said that the gobo 8 of drawing 7 is suitable for carrying out projection exposure of 
the reticle R containing a L&S pattem whenever [ of whenever / coarser than it middle ] detailed although a 
detailed pattem in every direction is not included in minimum pitch extent in which theory top image formation 
is possible with a deformation light source method here. In addition, the distance dx and dy of the edge of the 
very small protection-from-light sections 8C and 8D is set to dx<r and dy<r here, and if each pitch of the 
vertical partem on a reticle, a horizontal pattem, and a slanting pattern is almost comparable, they will be 
fiirther set to dx=dy, so that clearly from drawing 7 . And the location of each flabellate form area pellucida [ in 
the gobo 8 of drawing 7 / 81a-81d ] area center-of-gravity point (quantity of light center-of-gravity point) is not 
changing so much with a center-of-gravity point location in case the very small protection-from-light sections 
8C and 8D do not exist. Moreover, if X of each edge of the very small protection-from-light sections 8C and 8D 
and distance dx and dy from a Y-axis are made small, each flabellate form area pellucida 81a-81d approaches 
the rectangle (or square). 

[0031] Drawing 8 shows the configuration of the gobo 8 at the time of doubling each edge of cross-joint-like 
protection-from-light section 8A, zona-orbicularis-like protection-from-light section SB, and the very small 
protection-from-light sections 8C and 8D with the cross-section configuration (here, it considering as a square) 
of the element lens of the fly eye lens 7 while making comparatively small X of each edge of the very small 
protection-from-light sections 8C and 8D, and distance dx and dy from a Y-axis. In addition, also previous 
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drawing 4 R> 4, drawing 6 , and in each gobo of 7, the protection-from-Hght section edge of doubUng with the 
cross-section configuration of an element lens is desirable, four area pellucida 81e-81h which forms the 
effective light source part at the time of the image formation of the slanting patterns Ta and Tb in drawing 8 - 
respectively -- being alike - two element lenses are located on both sides of the X-axis and a Y-axis. Moreover, 
the mesial magnitude a of the width of face of cross-joint-like protection-from-light section 8A is set to the 
dimension for one piece of an element lens, and die-length b is set to the dimension for five pieces. And what 
removed one element lens of the outermost angle from the set of 4x4 element lenses is located in flabellate form 
area pellucida [ 81a-81d ] each. In addition, the part equivalent to the very small protection-from-light sections 
8C and 8D has covered two element lenses, respectively, moreover, in the case of the gobo 8 of this drawing, 
four flabellate form area pellucida 81a-81d and area pellucida 81e-81h are not connected like each old example, 
but are mutually-independent ~ it is a thing the bottom. The protection-from-light section of the same square (or 
rectangle) may be added to a core with the magnitude of the aggregate of 4x4 element lenses so that one 
element lens located in each innermost angle (comer nearest to a zero) of four more flabellate form area 
pellucida 81a-81d may be covered. By addition of such the square protection-from-light section, the same 
operation as the gobo 8 of the 2nd example shown in previous drawing 6 and effectiveness can be acquired. In 
this case, the distance from the X-axis of the edge of each side of the main square protection-from-light section 
and a Y-axis is set to the range comparable as the radius C of the circular protection-from-light section of 
drawing 6 . 

[0032] The element lens group of the fly eye lens 7 located in flabellate form area pellucida [ which was 
fiirthermore shown in drawing 8 / 81a-81d ] each is a symmetric design to the X-axis and a Y-axis altogether. 
By taking such symmetry arrangement, the TERESEN error (strike slip of an image when a wafer side shifts 
from a best focus side slightly) of the projection image of the L&S pattern on a reticle becomes that there is 
nothing. 

[0033] When drawing 4 and the gobo 8 of drawing 6 -8 are used with reference to drawing 9 here, distribution 
within the pupil surface EP of the image formation flux of light which generated from Reticle R and carried out 
incidence to projection optics PL is explained. The quantity of light center-of-gravity points 80A, 80B, 80C, 
and SOD of the four flabellate form surface light source sections which drawing 9 is what was expressed 
corresponding to drawing 2 , and were optimized to the length of a predeteirmined pitch, and the horizontal 
patterns Pv and Ph, Typical one center-of-gravity point 80E of the four quantity of light center-of-gravity points 
optimized to the slanting pattern Ta of the same pitch as the length and the horizontal patterns Pv and Ph is 
shown on a pupil surface EP. Each of four center-of-gravity points 80A-80D is mostly in agreement with each 
area-center of gravity of four flabellate form area pellucida 81a-81d in each example, and center-of-gravity 
point 80E is mostly in agreement with the area center-of-gravity point of area-pellucida 81e. First, since four 
center-of-gravity points 80A-80D are optimized to the pitch of the target length and a horizontal pattern For 
example, by the exposure of the illumination-light line which passes along center-of-gravity point 80 A among 
the image formation flux of lights from Reticle R, the zero-order light generated from length and a horizontal 
pattern passes along center-of-gravity point 80A, and one side of the primary [ **] diffracted light superimposes 
and passes along each of the X-axis and a Y-axis, and the center-of-gravity points 80B and 80D of being located 
synmnetrically. 

[0034] **1 order diffracted light* *Dxl (center of gravity of a diffracted light bundle) generate from the vertical 
pattern Pv by the illumination light line by which orientation be carried out on the other hand so that it might 
pass along center of gravity point 80E ~ center of gravity point 80E - a passage - a line top parallel to the X- 
axis ~ be distribute - although - the location ~ drawing 9 ~ like ~ a pupil surface EP ~ since it become the 
outside of an overall diameter, the image formation of the vertical pattern Pv be affect. However, the one 
primary diffracted light generated from the horizontal pattern Ph - Since Dyl (center of gravity of a diffracted- 
light bundle) is distributed on the Y-axis in Pupil EP, it affects the image formation of the horizontal pattern Ph. 
This primary diffracted light - Dyl Since the ideal distribution locations by the deformation illumination of the 
horizontal pattern Ph differ, they are a light which is not not much desirable for the image formation of the 
horizontal pattern Ph. however, the amount of illumination light which makes center-of-gravity point 80E is 
decided by area-pellucida 81e of a small area, and is alike and small compared with the amount of illumination 
light of other four center-of-gravity points 8OA-80D. the ratio - for example, the case of drawing 8 - the ratio 
of the number of the element lenses of the fly eye lens 7 ~ being decided - therefore, 1 order diffracted-Iight- 
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Dyl which is not desirable It is markedly alike, and the quantity of light itself is small and it does not degrade 
practically the image formation engine performance of the horizontal pattern Ph greatly. 
[0035] Next, distribution of the image formation flux of light from the slanting pattern Ta (45 degrees) is 
considered. Here, the diffracted light generated from the slanting pattern Ta by the exposure of the illumination 
light (transparency section of flabellate form area-peliucida 81b) by which orientation was carried out so that it 
might represent and zero-order light might pass along center-of-gravity point 80B is described. Supposing the 
pitch of the slanting pattern Ta be comparable as the pitch of length and the horizontal patterns Pv and Ph, it be 
the primary diffracted light from the slanting pattern Ta. - Dtl (center of gravity of the diffraction flux of light) 
be locate on the line (135 degrees) which be on the circle of radius 2yalpha (or 2xbeta) center on center of 
gravity point SOB, and connect the center of gravity points 80B and SOB through an optical axis AX. This 
primary diffracted light - Dtl Since it does not have the zero-order flux of light which passes along center-of- 
gravity point SOB, and symmetrical relation about the 45-degree line which connects two center-of-gravity 
points 80A and 80C, to the image formation of the slanting pattern Ta, it is the light which is not desirable. 
[0036] However, since area-pellucida 81e is prepared in the gobo 8 so that the zero-order light from the slanting 
pattern Ta may be located in center-of-gravity point 80E the circle top of centering on center-of-gravity point 
80E radius [' / which was generated from the slanting pattern Ta by the illumination light from area-pellucida 
81e / primary diffracted-light-Dtl ] 2yalpha (or 2xbeta) - and it is located on the 135-degree line (parallel to the 
line which connects the center-of-gravity points SOB and SOD) which passes along center-of-gravity point 80E. 
The physical relationship of the center-of-gravity point 80E and primary dififracted-light-Dtl' is the symmetry 
mostly to the 45-degree line (medial axis in the Fourier transform image of the slanting pattern Ta) which 
connects the center-of-gravity points SOA and 80C. Therefore, the illumination light from area-pellucida 81e 
becomes an effective component to the image formation of the slanting pattern Ta, and works in the direction 
which improves the resolution and the depth of focus of a slanting pattern. In addition, in the case of drawing 9 , 
primary diffracted-light-Dtl' from the slanting pattern Ta which makes center-of-gravity point 80E zero-order 
light is located on about X shafts, and the location is approaching the center-of-gravity point (referred to as 
80H) of the illumination light from 81h of other area pellucida for the slanting patterns of a gobo 8 further. 
Thus, that center-of-gravity point SOH of Slh of area pellucida are located in the location of primary diffracted- 
light-Dtl' means being illuminated by two illumination-light bundles toward which the slanting pattern Ta 
inclined symmetrically in the pitch direction. 

[0037] What is necessary is just to arrange ideally each quantity of light center-of-gravity point of the surface 
light source section (area pellucida 81e-Slh) added to slanting patterns from a zero on the X-axis and a Y-axis 
to the place of the distance of root (xbeta2+yalpha2), if [ thing / above / each pitch of length / which should 
carry out projection exposure /, horizontal pattern Pv and Ph, and slanting patterns Ta and Tb ] comparable on 
the reticle whose number is one. This relation is ideal conditions, and actually, even if shifted from that relation 
a little (for example, 20% - about 30%), as it is, the effectiveness of this invention is acquired. 
[0038] Drawing 10 changes the part of the fly eye lens 7 which showed the partial configuration of the 
illumination-light study system by the 4th example of this invention, and was shown in drawing 3 here into the 
fly eye lens system of 2 reams which are indicated by JP,3-78607,B. Incidence of the illumination light ILa 
which passed along the collimator lens 4 and prism 30 in drawing 3 is carried out to the 1 st step of fly eye lens 
7E like drawing 10 . This fly eye lens 7E should bvindle every four element lenses in X and the direction of Y. 
The illumination light from each of the point light source image which carried out image formation to the 
injection edge of each element lens of fly eye lens 7E overiaps and irradiates the whole surface of the 2nd step 
of plane of incidence of fly eye lens 7F through a lens system 25. The 2nd step of fly eye lens 7F are what 
bimdled the element lens in 6x6 arrays, and image formation of the three-dimension light source image (point 
light source) is carried out all over the space distant from the injection side of each element lens about several 
mm. Since 4x4 point light source images formed in the injection side of the 1st step of fly eye lens 7E are 
formed in each element lens's of fly eye lens 7F injection [ the 2nd step of] side in the case of this 2 ream fly 
eye lens system, a three-dimension light source image serves as the surface light source to which the 16x36 
point light sources gathered two-dimensional. 

[0039] Now, in the case of this example, drawin g 4 and the gobo 8 shown in drawing 6 -8 are fly eye lens 7F 
injection [ the 2nd step of] sides, and is arranged in the field in the space in which a three-dimension light 
sovirce image is formed. Drawing 1 1 shows the arrangement relation of the three-dimension light source image 
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and each edge of the protection-from-light sections 8A (SA') and 8B of a gobo 8 which were formed in the 
injection side of fly eye lens 7F. As shown in drawing 1 1 R> 1 , the 4x4 point hght sources SP have aligned in X 
and the direction of Y in the ** pitch mostly at the one element lens's injection side of fly eye lens 7F. At this 
time, all of the appearance edge of cross-joint-like protection-from-light section 8 A (8 A') or the edge 
corresponding to the bore circle CI of svirrounding zona-orbicularis-like protection-from-light section 8B are 
crooked according to the pitch of the point light source which forms a three-dimension light source image. That 
is, although the edge of each protection-from-light section needed to be specified according to the cross-section 
configuration of tiie element lens of a fly eye lens as shown in drawing 8 at the time of a single fly eye lens 
system, there is such no need by 2 ream (tandem) fly eye lens system, and since the number of the point light 
sources which form a three-dimension ligjit source image is boiled markedly and is increasing rather than the 
case of a single fly eye lens system, the average illumination distiibution as the surface light source becomes 
very flat. 

[0040] drawing 12 shows the configuration of the illumination system brought near by the 5th example of this 
invention, and it constitutes the surface light source for patterns in every direction which four quadrants are 
alike, respectively and is located by XY system of coordinates on tiie Fourier tiransform side within an 
illumination system from fly eye lenses 70A, 70B, 70C, and 70D which became independent, respectively as 
indicated by JP,4-225514,A here. And the square drill prism 26 divides the illumination-hght bundle of the 
zona-orbicularis-like distiibution from a collimator lens 4 into the four flux of lights, and incidence of each is 
carried out to four fly eye lenses 70A-70D. Moreover, the surface light source for slanting patterns is 
constituted from points 70E, 70F, 70G, and 70H of four optical fibers 90, the four other end (incidence edge) 
side of an optical fiber 90 is bundled by one, and a part of illumination light which branched after shutter 19A is 
condensed by the incidence edge. 

[0041] Since the system which makes the surface light source for slanting patterns from this example has been 
independent of the system which makes the surface light source for patterns in every direction, when the 
slanting pattern does not exist at all on tiie reticle used as the candidate for projection, into the optical path of 
incidence one end of an optical fiber 90, another shutter and an extinction filter (ND filter) can be inserted, and 
luminescence of Points 70E-70H can be forbidden, or a quantity of light fall can be carried out sharply. 
Furthermore, since flie luminescence reinforcement of Points 70E-70H can be changed by adjustment of the rate 
of extinction of the ND filter etc., the optimal quantity of light can be given according to the rate that a slanting 
pattern closes among the L&S patterns on Reticle R. therefore, if the operator makes information on the slanting 
pattern on Reticle R witii which is resembled comparatively and it is related the configuration inputted into the 
main conti-ol unit 20 in drawing 3 , the luminescence reinforcement of four points 70E-70H can also be 
automatically adjusted to an optimum value (zero are also included) according to tiie table which was able to be 
defined beforehand. Moreover, since four fly eye lenses 70A-70D and four points 70E-70H are independentiy 
formed as shown in drawing 12 , according to the pitch of tiie pattern of L«&S on Reticle R, each fly eye lens or 
a point may be made two-dimensional or movable to one dimension in XY side. In that case, the quantity of 
light center-of-gravity point of the surface light source by the side of each injection of the fly eye lenses 70A- 
70p the pitch of an in every direction pattern and slanting pattern is comparable, and is [ eye lenses ] four When 
taking tiie arrangement corresponding to four comers of flie square centering on an optical axis AX in XY side 
It is good to make it movable by relation to which the eccentricity from the optical axis AX of the quantity of 
light center-of-gravity point of four fly eye lenses 70A-70D and the eccentricity from tiie optical axis of the 
quantity of light center-of-gravity point of Points 70E-70H become almost equal. 

[0042] In addition, each of four fly eye lenses 70A-70D is good as a tandem fly eye lens system as well as 
drawing 10 , and prepares a diaphragm (gobo) in each injection side of each fly eye lenses 70A-70D according 
to an individual, and it interlocks and you may make it change each magnitude of the four surface light sources 
individually in tiie configuration of drawing 12 . By the way, in drawing 12 , although the gobo etc. is not 
specially prepared between each of tiie fly eye lenses 70A-70D, when many [ so / that tfie sfray light passing 
tiirough the space between each fly eye lens cannot be disregarded ], it is desirable to prepare an easy gobo (tiie 
shape of a cross joint). Therefore, if tiie sfray light component is fiilly small, it is not necessary to prepare a 
gobo specially. This is similarly applicable to previous drawing 4 and the gobo 8 shown in drawing 6 -8, and 
means that it is necessary to use neitiier cross-joint-like protection-from-light section 8 A and 8 A' nor zona- 
orbicularis-like protection-from-light section 8B as a perfect protection-from-light layer. For example, each 
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protection-from-Iight section on a gobo 8 may consist of dielectric thin films which have 90% or more of rate of 
extinction in the wavelength (i line 365nm and KrF excimer laser 248nm) of the illumination light for exposure. 

[0043] Now, the example of the drawing configuration of the conventional deformation light source announced 
until now for explanation of the simulation of the following [ here ] is shown in drawing 13 and 14. Drawing 13 
is the center position (xbeta, yalpha) optimized by the vertical pattern Pv which has a specific pitch, and the 
horizontal pattern Ph, and an example of the gobo for the circular 4 light sources which has a suitable radius (it 
is 0.1-0.3 at a si^a value). Drawing 14 is the example of the larger gobo for the flabellate form 4 light sources 
than the radius r in which it considers as square opening instead of circular opening of drawing 13 , 
respectively, and a part of these four surrounding square openings are equivalent to the sigma value of an 
illvmiination-light study system. 

[0044] The simulation result of the depth of focus DOF [mum] to Rhine of the L«&S pattern image obtained as 
an example at the time of projection of the in-every-direction L&S pattern using the light source configuration 
shown in drawing 14 and a slanting (45-degree or direction of 135 degree) L&S pattern or the line breadth size 
[mum] of a tooth space is shown in drawing 15 . The conditions of simulation wavelength lambda here 0.365 of 
i line [mum]. Numerical aperture by the side of the wafer of projection optics PL N.A. 0.50 (a reticle side 0. 1), 
The bore r of zona-orbicularis-like protection-from-light section 8B of a gobo 8 is made into a sigma value 
(r/rO). 0.8 (the sigma value of the usual circular surface light source is also set to 0.8), Mesial magnitude a of the 
width efface of the cross-joint-like protection-fi-om-light section was made into 0.28, i.e., a=0.28r/sigma=0.35r, 
by numerical-aperture conversion (usually with [ in lighting / a= 0 ] no cross-joint-like protection-fi-om-hght 
section). The value of the depth of focus (DOF) was made into the constant value decided by 1 .2 micrometers in 
thickness of the resist which should be carried out pattern NINGU, and the refi-active index 1.7 of those, and the 
value which deducted 1.2/1 .7**0.706 [mum] here fi-om the range (fiill) where the conti-ast of 1 : 1 lines and a 
tooth-space (last shipment) pattern image becomes 60% or more. The property DV 1 of the simulation result 
expressed with the two-dot chain line in drawing 1 5 shows the depth of focus property over the length when 
using the conventional gobo of drawing 14 , and a horizontal L&S pattern, and the simulation property DO 1 of 
a broken line shows the depth of focus property over the slanting (45-degree, 135 degrees) L&S pattern when 
using tiie gobo of drawing 14 similarly. In the conventional deformation light sovirce configuration like drawing 

14 R> 4, a result which is more slightly [ than the depth of focus property DC over the slanting pattern when 
using the usual circular sxarface light source which the depth of focus property DO 1 over a slanting pattern 
simulated for the comparison ] inferior is brought. In addition, in the case of the usual circular light source 
configuration, it becomes the depth of focus property DC also to any of length, width, and a slanting pattern. 
[0045] Drawing 16 shows the simulation result of the depth of focus property when using the gobo 8 by the 1st 
example ( drawing 4 ) of this invention. At this time, the mesial magnitude a of the width efface of cross-joint- 
like protection-from-light section 8A in drawing 4 was set to a=0.28r0 =0.35r, and mesial magnitude b of die 
length was set to b=0.56r0 =0.7r, and it made the exposure wavelength lambda, N.A., and sigma the same as the 
case of drawing 15 . Although the depth of focus property DV 2 in the L&S pattern of 1 : 1 in every direction in 
this condition is more slightly [ than the property DV 1 by the conventional deformation light source in drawin g 

15 ( drawing 14 ) ] inferior, on the other hand, it is turning around the depth of focus property DO 2 over a 
slanting L&S pattern the top [ property / DC / when using the usual circular surface light source / depth of 
focus ], and the effectiveness of this invention is checked. Moreover, there are depth of focus properties DV 2 
of enough over a pattern in every direction, and the deformation light sovirce does not spoil the capacity which it 
essentially has. In addition, although the mesial magnitude a of the width of face of the cross-joint-like 
protection-from-light section and mesial magnitude b of die length were set to a= 0.28r0 (0.28 times of 
numerical-aperture N.A. of projection optics), and b= 0.56r0 (0.56 times of numerical-aperture N.A.) in this 
simulation, respectively These values are values a, as it is not limited to it and stated previously. That what is 
necessary is just 0.4r0.1r0 <=(0.1 and N.A.) a<= 0 (0.4 and N.A.) extent Value b 0.4r0 (0.4 and N.A.)<=b<0.8rO 
(0.8 and N.A.) If it is extent, the effectiveness of this invention can be acquired. However, the upper limit of a 
value b needs to be b<r to the value of a radius r. 

[0046] Drawing 17 shows the simulation result of the depth of focus property when using the gobo 8 by the 2nd 
example ( drawing 6 ) of this invention. At this time, the gobo 8 is what combined the cross-joint-like 
protection-from-light section and the center circle form protection-from-light section as it was shown in 
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drawing 6 . Simulation conditions the mesial magnitude a of the width of face of 0.7 and the cross-joint-like 
protection-from-light section by sigma value (r/rO) conversion for the bore r of 0.50 and zona-orbicularis-like 
protection-from-light section 8B of the periphery of a gobo 8 0.28rO, [ the exposure wavelength lambda ] 
[ 0.365 micrometers (i line) and wafer side numerical-aperture N.A. of projection optics PL ] It is the radius c of 
0.56rO and the center circle form protection-from-Hght section about the mesial magnitude b of die length 
0.46r0 It carried out. like the simulation result of draAving 17 , compared with the depth of focus property DC in 
the conventional usual circular surface light source (sigma=0.7), the depth of focus property DO 3 of a slanting 
L&S pattern is boiled markedly, and improves, and the depth of focus property DV 3 over length and a 
horizontal L&S pattern serves as a value big enough. 

[0047] although the value of the radius c of the center circle form protection-from-light section was made into 
0.46 r/sigma in simulation here ~ the mesial magnitude a and b of the above-mentioned [ this ] - similarly it is 
not necessarily limited to 0.46 r/sigma - if it is 0.3 r/sigma (0.3 and N.A.) <c< 0.6 r/sigma (0.6 and N.A.) 
extent, the effectiveness of this invention can fully be acquired. However, if the value of a radius c is too small, 
since the gobo 8 of drawing 6 will serve as the same configuration as the gobo of drawing 4 , the improvement 
factor of the depth of focus about a slanting pattern will decrease a little. That is, the property DO 3 in drawing 
17 becomes like the property DO 2 in drawing 16 . Moreover, if the value of a radius c is not much large, in the 
depth of focus property DV 3 over a L&S pattern in every direction, the part to which the depth of focus as 
which pattern size is regarded near 0.45 micrometer becomes large especially stops existing, and it is not 
desirable [ it ] too in order to approach zona-orbicularis lighting (after-mentioned). 

[0048] Drawing 18 shows the simulation resuh when using the gobo 8 by the 3rd example ( drawing 7 ) of this 
invention, the simulation conditions in this case - numerical aperture of projection optics N.A. the sigma value 
(r/rO) which is the maximum radius of 0.50 and the surface light source ~ each dimension of 0.8 and cross-joint 
protection-from-light section 8A, mesial magnitude a, and mesial magnitude b ~ respectively ~ the distance d 
to 0.28r0, 0.56r0, and the surrounding minute protection from light 8C and 8D ~ 0.64r0 ** ~ it carried out. If 
the simulation result of this drawing 1 8 is compared with the simulation result shown in above-mentioned 
drawing 16 , the depth of focus property DO 4 about the slanting pattern when using the gobo 8 of dr awing 7 
Being improved to the same extent as the depth of focus property DO 3 ( drawing 17 ) when using the depth of 
focus property DO 2 ( drawing 16 ) when using the gobo 8 of drawing 4 , or the gobo of drawing 6 It turns out 
especially among L&S patterns in every direction that the depth of focus is improved like the depth of focus 
property DV 4 also about a pattern whenever [ of whenever / middle / of about 0.45-micrometer Rhine width of 
face ] detailed. 

[0049] In addition, the value of the edge distance d of the minute protection-from-light sections 8C and 8D in 
the gobo of drawing 7 is also 0.64r0. It is not necessarily limited and is 0.5rO<d<0.8rO. What is necessary is just 
the range of extent. However, when distance d is not much small, the resolution to a pattern in every direction 
will fall, and if not much large, effectiveness will not appear. Then, the center circle form protection-from-light 
section like drawing 6 which shades near the optical axis of the gobo 8 shown in drawing 7 frirther, or the 
square protection-from-light section may be added. 

[0050] Drawing 19 shows the same simulation result in zona-orbicularis lighting for a comparison. The 
conditions at this time set exposure wavelength lambda to 0.365 micrometers, and consider the zona-orbicularis 
[ which made the center circle form section which is equivalent to the radius (sigma=0.35) of that one half 
among the circular surface light sources of the radius equivalent to 0.7 and N.A. (sigma=0.7) the protection- 
from-light section ]-like surface light source. In the depth of focus property DA over the L&S pattern obtained 
with such zona-orbicularis lighting, the depth of focus of about about 1 .5 micrometers is obtained by width of 
face about a coarse pattern with Rhine (or tooth space) width of face of 0.42 micrometers or more. In the depth 
of focus property DC at the time of the conventional circular surface light source, the actual condition is that 1 
micrometer cannot be found, either. However, considering the time of exposure of an actual memory pattern, 
especially, by the exposure process of a metal wiring layer, the big depth of focus is required, for example, the 
depth of focus of 2 micrometers or more is needed by width of face to a L&S pattern with a line breadth of 
about 0.45 micrometers at 64MDRAMs. Therefore, it is difficult Uke drawing 19 to fill this demand with the 
depth of focus property DA acquired with zona-orbicularis lighting. Moreover, since that especially the depth of 
focus is needed also at the exposure process of an above-mentioned metal wiring layer is the length and the 
horizontal L&S pattern which are formed in the level difference (about 1 micrometer) section, a deformation 
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light source configuration like this invention is very effective. 

[0051] In addition, although i line shall be used by using the light source as a mercury lamp into an example, 
this may be other wavelength or may be the light source of laser etc. Moreover, at the conditions of simulation, 
it is the numerical aperture of projection optics. N.A. It is numerical aperture, although it was referred to as 0.5 
and the radius r of the greatest surface light source made with a gobo was set to 0.7 or 0.8 by the sigma value. 
N.A. and a sigma value are not limited to this. However, about a sigma value, or more 0.7 extent is effective. 
Moreover, although the outermost form of a light sovirce configuration shall be restricted by the circle (sigma) 
specified with the bore edge of zona-orbicularis protection-fi-om-light section 8B of a gobo 8, a square, a 
hexagon, etc. may prescribe the outermost form. Although the protection-from-light section configuration of the 
gobo 8 in each example was furthermore made into the shape of isomorphism (symmetry form) about the 
direction of X, and the direction of Y, the configurations may differ in the direction of X, and the direction of Y. 
That is, the direction of X may differ in the value of the distance c fi-om the core of each edge at the time of 
preparing the square protection-from-light section in the dimension values a, b, and d of each protection-from- 
light section, or a core from the direction of Y. 

[0052] In an actual illumination system, quantity of light distribution of the injection side of a fly eye lens 
serves as a discrete set of the point light source discretely according to the array of each element lens of a fly 
eye lens. At this time, each spacing of the discrete point light source also differs tiiat the cross-section 
configuration of each element lens is a rectangle in X and the direction of Y. Then, in order to arrange effectual 
lighting conditions (orientation property of tiie illumination light to a reticle) in X and the direction of Y, it may 
be necessary to change positively the value of the dimension values a, b, c, and d of each protection-from-light 
section in X and the direction of Y. Moreover, in order to centralize the illumination light efficiently to each 
transparency sections 81a-81d of tiie gobo 8 used in each example of this invention, and 81e-81h and to reduce 
quantity of light loss, it is good to establish condensing means (prism, a mirror, fiber, etc.) to centralize tiie 
illumination light on those tiansparency sections, in front of a gobo 8. Although [ the gobo 8 of each example ] 
it consists of tiie ti-ansparency section and the protection-from-light section, it is still better also considering all 
the protection-from-light all [ a part or ] as the fransflective section (permeability is 50% or less desirably), 
moreover, two or more gobos 8 which had the configuration which can respond to them according to the 
exposed process since tiie required depth of focus and the significance of a pattern in every direction and a 
slanting pattern differed from each otiier - the turret 10 of drawing 3 - preparing - exchange - the thing it is 
supposed that it is usable is desirable. Although the reticle to be used was made into the usual reticle which 
consists of the protection-from-light section (chromium layer) and the tiansparency section in simulation About 
this invention, it is the so-called halftone phase shift (it has about 1 - 15% of permeability instead of the 
protection-from-light section), and tiie halftone fa-ansparency section (tiiin film) from which only pi makes the 
phase between the light which passes along the transparency section differ is prepared - if it uses at tiie time of 
projection of the reticle of a metiiod, the effectiveness of this invention can be heightened further. 
[0053] The gobo 8 shown in each example is acting on an improvement of the depth of focus good at the time 
of about 0.4-0.5 micrometers by which the line breadth on the wafer of tiie patterns Pv and Ph in every direction 
is used at the time of 64 M-DRAM manufacture so that clearly from each above simulation result. And the 
improvement effect of tiie depth of focus is acquired by coincidence also about the slanting patterns Ta and Tb. 
However, if the depth of focus in the same line breadth size is measured by tiie pattern in every direction and 
tiie slanting pattern, to be sure,- the depth of focus in the direction of a slanting pattern is not so large. However, 
tiie pitch (line breadth size) of the pattern in every direction within the reticle of one sheet is received. When 
line breadtii size is 0.42 micrometers in the property DV 3 over the pattern in every direction in drawing 17 R> 
7 when the pitch (line breadth size) of a slanting pattern is coarser about 1 .2 to 1 .5 times for example, About 2 
micrometers of line breadtii size 0.63micrometer [ in the property DO 3 of as opposed to / that it is the 1.5 times 
(0.63 micrometers) the line breadtii size of a slanting pattern of tiiis / a slanting pattem ] depth of focuses will be 
obtained. 

[0054] By the way, when four quantity of light center-of-gravity points (center-of-gravity point of zero-order 
light) 80A-80D optimized to tiie pitch of the target pattem in every direction are located in each square angle 
witiiin the pupil EP of projection optics PL so that clearly from previous drawing 9 , When flie pitch of the 
target slanting pattem is about about 1.4 times of the pitch of a pattem in every direction, quantity of light 
center-of-gravity point 80E of the illumination light added auxiliary to slanting pattems is ideally in agreement 
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at the intersection of the segment and Y-axis which connect two center-of-gravity points 80 A and SOB. 
[0055] Drawing 20 shows signs that each quantity of light center-of-gravity point has been arranged by almost 
ideal relation, when the pitch relation between a pattern in every direction and a slanting pattern about 1 .4 times 
is above. The zero-order Hght and the primary diffracted light which are distributed over Pupil EP in this 
drawing 20 shall have breadth in the surroundings of each center-of-gravity point in predetermined magnitude. 
Originally, although it is in agreement with the configuration of the surface light sources, such as the area 
pellucida 81a-81d of a gobo 8, and 81e-81h, the form (field) of the breadth is only circular here, and is 
expressed. 

[0056] 1 order diffracted-light-Dtl which four zero-order light (center-of-gravity points 80A-80D) generated 
fi-om a slanting pattern (45 degrees, 135 degrees) was alike, respectively in the case of drawing 20 , and 
corresponded Pupil EP ~ it superimposes and passes along a core mostly. Moreover, primary diffracted-light- 
Dtr from the slanting pattern which passes along center-of-gravity point 80E as a zero-order light passes along 
the congruous locations near [ each ] the center-of-gravity points 80H and 80F of the source of a fill-in flash for 
slantmg patterns. The primary diffracted light from the horizontal pattern which passes along center-of-gravity 
point 80E as a zero-order hght in coincidence - Dyl It passes along the congruous locations near center-of- 
gravity point 80G of the source of a fill-in flash for slanting patterns. 

[0057] foMT 1 order diffracted-light-Dt(s)l to which the component which reduces the depth of focus expansion 
effectiveness over the slanting pattern when using the deformation light source among distribution of such a 
zero-order light and the primary diffracted light appears in the core of Pupil EP it is . Then, such at the time of 
conditions, an extinction filter (ND filter) is arranged only in the center section of the pupil EP of projection 
optics, and they are the four primary diffracted lights. - Dtl It is good to attenuate the quantity of light 
moderately. 

[0058] In addition, the arrangement relation between the circular field which makes four quantity of light 
center-of-gravity points 80A-80D for the patterns in every direction in drawing 20 , and the small circular field 
which makes four quantity of light center-of-gravity points 80E-80H for slanting patterns becomes the area- 
pellucida configuration of the gobo 8 for the deformation light sources and similarity which are prepared in an 
illumination system as it is. Therefore, as a gobo 8, the thing of the configuration which made transparence four 
big circular fields in drawing 20 and four small circular fields can be used as it is. 
[0059] 

[Effect of the Invention] As mentioned above, according to this invention, degradation of the image formation 
engine performance to the slanting pattem made into the problem by the deformation light source until now, 
especially a depth of focus improvement factor can be prevented, and the almost same engine performance as 
the conventional deformation light source can be obtained also about a pattem in every direction. 
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[Drawing 5] 
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[Drawing 17] 
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[Claim(s)] 

[Claim 1] In the projection aligner equipped with the illumination system which illuminates the mask with 
which the pattern which should be projected was formed, and the projection optics which projects the image of 
said pattern on a sensitization substrate, 

the illumination-light study system which has the field where said illumination system serves as relation of the 
Fourier transform optically to the pattern side of said mask inside, and the optical part construction which 
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distributes the illumination light in the predetermined radius centering on an optical axis on said Fourier 
transform side or its near side ~ a law — a means — containing 

Said optical distribution setting means is a projection aligner characterized by distributing said illumination 
light over two or more discrete fields except a core by the inside of the field of the shape of said zona 
orbicularis while distributing said illumination light in the field of the shape of zona orbicularis of the 
predetermined width of face centering on said optical axis. 

[Claim 2] Said two or more fields are projection aligners according to claim 1 characterized by being divided by 
the rectangular coordinate system which makes said optical axis a zero and is specified corresponding to said 2- 
way including the 1 st element which has periodicity in the 2-way a 2-way and said pattern cross at right angles 
mutually, respectively, and the 2nd element which has periodicity in the direction which intersects said 2-way. 
[Claim 3] Said two or more fields are projection aligners according to claim 2 characterized by filling 
0.1r0<=a<=0.4r0 and 0.4r0<=b<=0.8r0, when width of face of rO and said cross-joint field is set to 2xa and die 
length is set to 2xb for the radius of the pupil surface of said projection optics which it was divided in the cross- 
joint field specified on said rectangular coordinate system centering on said optical axis, and was seen on said 
Fourier transform side. 

[Claim 4] When said core is circular and the radius of the pupil surface of said projection optics seen on said 
Fourier transform side is set to rO, the radius r2 of said core is a projection aligner given in any 1 term of claims 
1-3 characterized by filling 0.3rO <=t2 <=0.4rO. 

[Claim 5] For said optical distribution setting means, in said two or more fields, a part, the rim section is [ said a 
part of rim section ] a projection aligner given in any 1 term of claims 1-4 characterized by the distance d with 
the axis of coordinates of said rectangular coordinate system filling 0.5rO<d<0.8rO, respectively, when the 
radius of the pupil surface of said projection optics which said illumination light was distributed over except 
and seen on said Fourier transform side is set to rO. 

[Claim 6] In the projection aligner equipped with the projection optics which carries out incidence of the light 
fi-om the pattern of said mask irradiated by the illumination light fi-om the light source which generates the 
illumination light which irradiates a mask, the Fourier transform side which serves as relation of the Fourier 
transform optically to the pattern side of said mask or the illumination-light study system which forms the 
secondary light source of said light source in the near side, and said illumination-light study system, and 
projects the image of said pattern on a sensitization substrate. 

When there are more rates that are equipped with the following and said 1st element occupies on said mask than 
the rate that said 2nd element occupies, While setting the 1st surface of light source as each of said Fourier 
transform side or four fields in which eccentricity is carried out and it is mutually located symmetrically firom 
the optical axis of said illumination-light study system on the near side so that the oblique illumination light 
corresponding to the periodic direction of said 1st element may be made So that the oblique illumination light 
corresponding to the periodic direction of said 2nd element may be made Said Foimer transform side, Or the 
projection aligner which is equipped with the setting member which sets the 2nd surface of light source as each 
of four fields which carries out eccentricity and is mutually located symmehically fi-om the optical axis of said 
illiamination-light study system on the near side, and is characterized by making area of said 1st surface of light 
source larger than the area of said 2nd surface of light sovirce. The 1 st element with which said pattern has 
periodicity in the 2-way which intersects perpendicularly mutually, respectively The 2nd element which has 
periodicity in the direction which intersects said 2-way 

[Claim 7] Said setting member is a projection aligner according to claim 6 characterized by specifying said 1st 
and 2nd surfaces of light source with the Fourier transform side of said illumination-light study system, the 
gobo arranged in the near side, or a transflective plate. 

[Claim 8] In the projection aligner equipped with the projection optics which projects the pattern containing the 
1st element which has periodicity in the 2-way which intersects perpendicularly on a mask, and the 2nd element 
which has periodicity in the different direction fi-om said 2-way on a sensitization substrate, and the 
illumination-light study system on which the light fi-om each point within said surface light source is made to 
superimpose on said mask while carrying out incidence of the light fi-om tiie light source and forming the 
surface light source. 

The projection aligner characterized by having had the gobo characterized by providing the following and 
changing said 1st transparency section and said 2nd fa-ansparency section in the area according to the 
significance of said 1st and 2nd elements The 1st transparency section of four quadrants specified with said two 
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axes of coordinates when setting up two axes of coordinates corresponding to said 2- way by making the core of 
said surface light source into a zero which is alike, respectively and is mostly formed in the same area The 2nd 
transparency section mostly formed in each four on said two axes of coordinates in the same area by the equal 
distance from said zero 

[Claim 9] Said gobo is a projection aligner according to claim 8 characterized by being the transflective section 
except said 1st and 2nd transparency section. 

[Claim 10] The projection aligner according to claim 8 or 9 characterized by having further the extinction filter 
which attenuates the quantity of light of the diffracted light which occurs from said 2nd element and is 
distributed over the center section of the pupil surface of said projection optics. 

[Claim 1 1] In the projection aligner equipped with the projection optics which projects the pattern of a mask on 
a sensitization substrate, and the illumination-light study system which carries out incidence of the light from 
the light source, forms the surface light source in the optical Fourier fransform side over said mask, or its near 
side, and irradiates the light from said surface light source at said mask. 

When r and the coherence factor of said surface light sovirce are made into a sigma value for the radius of the 
circle which defined the rectangular coordinate system XY and was approximated to the appearance of said 
surface light source by making the core of said surface light source into a zero, Multipliers a and b, respectively 
as 0. 1 r/sigma<=a <=0.4 r/sigma and 0.4 r/sigma<=b <=0.8 r/sigma The projection aligner characterized by 
preparing the optical intensity-distribution controller material which makes optical reinforcement with the 
inside of the field of -a<=X<=a, the inside of the field of -b<=Y<=b and -a<=Y<=a, and -b<=X<=b smaller 
than other fields on said surface light source, or is set to about 0. 

[Claim 12] Said optical intensity-distribution controller material is a projection aligner according to claim 1 1 
characterized by making optical reinforcement in the field of X2+Y2 <=c2 smaller than other fields, or being 
referred to as about 0 on said surface light source when a multiplier c is made into 0.3 r/sigma<=c <=0.6 
r/sigma. 

[Claim 13] the time of said illumination-Ught study system being constituted so that image formation of the zero 
of said surface light source may be carried out to the core of the pupil surface of said projection optics, and 
setting the radius on said surface light source of the effectual pupil diameter of said projection optics to rO ~ a 
ratio with the radius r of said surface light source ~ the projection aligner according to claim 11 or 12 
characterized by making or more into 0.7 said sigma value which is r/rO. 

[Claim 14] Said pattern is a projection aligner given in any 1 term of claims 1-13 characterized by being formed 
in the fransparency section and the halftone fransparency section. 

[Claim 15] In the projection exposure approach which projects the pattem image of said mask on a sensitization 
substrate through projection optics while irradiating the illumination light through an illumination-light study 
system at a mask, 

The projection exposure approach characterized by dishibuting said illumination light over two or more discrete 
fields except a core by the inside of the field of the shape of said zona orbicularis while dishibuting said 
illumination light in the field of the shape of zona orbicularis of predetermined width of face centering on an 
optical axis on the field which serves as relation of the Fourier transform optically to the pattem side of said 
mask within said illumination-Ught study system, or its near side. 

[Claim 16] In the projection exposvire approach which projects the pattem image of said mask on a sensitization 
subsfrate through projection optics while irradiating the illvmiination light through an illumination-light study 
system at a mask, 

The optical Fourier transform side over the pattem side of said mask in said illumination-light study system 
when irradiating the pattem characterized by providing the following, Or the 1st field set as each of four 
quadrants specified according to the rectangular coordinate system corresponding to said 2-way which makes an 
optical axis a zero on the near side, And the projection exposure approach characterized by changing said 1st 
field and said 2nd field in the area according to the significance of said 1st and 2nd elements while lessening the 
quantity of light or setting it to about 0 at the equal distance mostiy from said zero except the 2nd field set up on 
the axis of coordinates of said rectangular coordinate system The 1st element which has periodicity in the 2-way 
which intersects said illumination light perpendicularly on said mask The 2nd element which has periodicity in 
the different direction from said 2-way 

[Claim 17] In the projection exposure approach which projects the pattem image of said mask on a sensitization 
substirate through projection optics while irradiating the illumination light through an illumination-light study 
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system at a mask, 

The optical Fourier transform side over the pattern side of said mask in said illumination-light study system, Or 
when r and the coherence factor of said surface light source are made into a sigma value for the radius of the 
circle which defmed the rectangular coordinate system XY and was approximated to the appearance of said 
surface light source by making into a zero the core of the surface light source formed in the near side, 
Multipliers a and b, respectively as 0.1 r/sigma<=a <=0.4 r/sigma and 0.4 r/sigma<=b <=0.8 r/sigma The 
projection exposure approach characterized by making the quantity of light with the inside of the field of - 
a<=X<=a, the inside of the field of -b<=Y<=b and -a<=Y<=a, and -b<=X<=b smaller than other fields on said 
siirface light source, or making it about 0. 

[Claim 18] The projection exposure approach according to claim 17 characterized by making optical 
reinforcement in the field of X2+Y2 <=c2 smaller than other fields on said surface light source by making a 
multiplier c into 0.3 r/sigma<=c <=0.6 r/sigma, or being referred to as about 0. 

[Claim 19] Said mask is the projection exposure approach given in any 1 term of claims 1-18 characterized by 
being a halftone phase shift mask. 

[Claim 20] In the projection exposure approach which projects the pattern image of said mask on a sensitization 
substrate through projection optics while irradiating the illimiination light through an illumination-light study 
system at a mask. 

When irradiating the halftone phase shift mask characterized by providing the following, The optical Fourier 
transform side over the pattern side of said mask in said illumination-light study system, Or the 1st field set as 
each of four quadrants specified according to the rectangular coordinate system corresponding to said 2-way 
which makes an optical axis a zero on the near side. And the projection exposure approach characterized by 
lessening the quantity of light or setting it to about 0 except two or more 2nd fields mostly set as the equal 
distance fi-om said zero corresponding to said 2nd element The 1 st element which has periodicity in the 2-way 
which intersects said illumination light perpendicularly The 2nd element which has periodicity in the different 
direction fi"om said 2-way 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.ncipi.go... 11/30/2005 



(19)B-f:H#llFfi= (J P) (12) i3t ^ |f ^ ^ (A) 



#11^6-196388 



(BOIntCl.' 

H 0 1 L 21/027 
G 0 3 B 27/32 
27/54 



F 

z 



8102-2K 
8102-2K 
7352-4M 
7352-4M 



H 0 1 L 21/ 30 3 1 1 S 

3 11 L 



(2oaiffi#^ 


#H¥4-342318 


C71)EtJBiA 


000004112 
















¥J£ 4^0992)12^223 




m-^9=Fitm^ii(o[fi 3 re 21 


13^ 






(72)^18^ 


HIE 

























(54) [^wo^fj;] &mmx:&m. 



(57) :Si!s<3] 

l^r. 3 t — U>X77 ^7^?— aiBASo. 8~0. 64 




1 

k: miieTicas® 2 6 n ^> M?^3t^3^ i , mm 

il?iE {7 ^? - >*5St, > u: mat ^ 2 :fr(6]©^ A? 

m^mtc i-f ® c^ 1/ r ac » (c^^tspw icfitg-r s 4 -:>©$i^ 
©^« 1 ©36j®®*tS5£-r 1 wi^mtt . 

©ia^ffi±rfi(riBfl§?g^^^^©3t#*^<5^^afc-w{g.c» 

3t!®ffi5:^^-r-2,ll2S:^g|Jt^i4{ix., Buie^l©7fe 
a^OffiH^rgJiBm 2 ©3feMS©ffifgcfc»3 < Utc 

[If 3}?:^ 3] fuiB0 l^SgB1vf<i;||2i5^g|51vftt, m 

n^'mm^^.o y->) x^^ffi. ^5 L/ < tt^©ja^Mcc 

IBSS n/c]i31&S©ailiSIJJBt^{c J: o rSiS Ofc c i * 

m i -r S if^sn 2 ^(c iBSS©^^. 

-<'T-^U>X?r^i5>. fSE7 -7 T U >>!:©S^tiJSffliJ«: 



(2) 6- 1 9 6 3 8 8 

2 

^©Rje?I^«:^^5n^.A# S©7fe!JF.^€^fiS-r^. 

4BufBtS:iJ3t^2S©SM, X«^©ja^S©cj33fetc,14<^ 
S-a-'&ii4>«:, fltiiB7fei2I^f^©-&..=5>^,©3t;5:t?iBv 

BuiB31c!S^©4''C^*iF..'^,i L■rm)iB>'^■^^->©Stt)i^4cD 
:^isi©'5 ^at^fciliS-rs 2:^i^©^^tc*fic;L/i:2 ^ 
10 ©ll^*IS3eOfci#> ^2-3©JS^T*S^$*T,S 
4o©|^|!g©^^ te:ia5Jll-HST-jf$fi£$n:rc0 i ©S 
jiSP i , iiiBM.^.*^ 6 ^ffigi©{i gf BulB 2 -^OJ^ 

^±©*'»©4jrSftc. mtm—mmxj^nsL^fiic'm 

2 ©^SB i ?r W-r ^>iS3tS*HlJf B-7 ^ T -T U >X© 
S^UffllJfCiBg L . tfllBM 1 /^• a? - >Jgt^i Hr 2 5i - > 

J^<!:©*MK{ciSt:rmflBS5i6ffi©|g i <Dm^Utm 
2 ©Miaas i ©S8I*S^j: c i ?&!|$gS[ i -r 

[S»*JI6] v;^i/©y^•df->*^7tS^S±^cM^S 

20 ur-ssijTfe^i^i, 3fcai*^6©3i£'£AWu-c. 

:^i7tc*^t^3l£^eJjAj:7-'jx^^M. 4iL<tt-e©i5 
^®(c§TicJ^©ffijtaS*iJgSb. ig®7fe!g*>6©7t* 

BUiBffi3fei®©4''i:^«r;M'#s<t UritSM^ISX Y^rSS). 
fuiBM3i&iSO^JKtcifi(K0ytR©¥S*r> fiiBB^fetS 

b*-en-e*i o.ir /crS a 5 0.4r/a , 0.4r/ 
a^b^ O.8r/«7i0r. S5iBH3t;«g±T'-a 

30 a. *^':>-bSYSb©Mi^F'9i-a gYga, ^^O- 
b ^ X S b ©SIJiF*3 <t ©7£;5SS4fl6©Mt«!( J: 0 < 

o.3r/a^ci 0.6r/'aiL'/ci#> mmm%.m±. 

Sii^Jim 6 3Stcis$s©ga. 
[ii^^s ] mriBMH«7fe^i^«H!rtBffi3fei!5©/s.'i&*H« 

^i?3lc^^©^^fltj^j ES©H?iBffi7fejS±-c©^S * 
r. iL/ci^. mriaS7l6«B©¥Sr i©J:kr/'r„ f 

l^6:5X«^7 Jl©l,i-rn3{F> 1 Jl{CiBtg©^g 
[|%^©i¥ffliftgi?a] 

[0 0 0 n 

S^fel^gKiMl/. #tc:fE¥-r'^#-'<if->©}gEE?n/c 
so •7::z.i> (ug=-i^;u) ©ipj:)?;atci^?:ifebfcSi3K^g 



3 

[0 002] 

t^rts. ^ft. 6 4MD-RAMm^m(ommmfj:is.§e 

3-l±-5)^ffiiL.r. ^g^¥4- 1 0 8 6 1 2-^^>fR, # 
4-225514 ^<2;$R^cr) J; ^> 

[0 003] C CDeB?^.Sfl5{i, SiJS7E-r--t^ L & S 

miji£v itmm Lt^ip-o tcmsi ^■ ^ - > m.'^, 
[ 0 0 0 4 ] H 1 «. ±m^m.K.^m^Mcm5^mm 

>7-l©|g3t.c&^rtfR«2©mi**CCi5g-rS. *fR 
8^2 -CKM LfcflgBJ3fe I L a tt^2 ji..S3 "C— KlRn^ 

m4KAW-r5. — fla:«ciai©j;5tciisn^2i7kiB^ 

©fl§?^* I L a >J y - if U 4 "Caa^ff^^ 

©f4a«c4o©pap*ig:i-^e,n, c®^p®5^^K:tt7 . 

9-YT-fb>X7 A. 7B. 7C, 7 D*5^l:r6n-5. 
Ct\fi,y "7 ^ A~7 DC^-VWAI^ffifJ^ 

Ci-m^j*S^«B»rB©MHJ7lc^ I LaF*g«:{4g-r.2). * 

fc. ^-^ -rr-r u>X7A~7 Do^-^oifajiKctt. 

W. 7Kas^>7-i©A7fe!Js<^*5?fJfiS3n.2). y 
r -f U>X7 A~7 D©SS*ttl®{C«2yt7fejjg^^ 

[0005] §7 ^-fr-^ U>X7 A~7 D<0^^i!)^ib 

f^^.^l 1 («f^M:ge<jK:=j>r>-y— u>Xiiif 
-S5) tcj:-:,-c, u?-i'^UR©^-;if->jfMMi^PA±K: 
— «fcsM ly r MW ^5^d7J^R©y^•^^ - >$sj^ 

-^©tf'C^^i^tl^XY©^.^.^^^^*, L&st)e 



6- 1 9 6 3 8 8 

4 

©U5^i';t/yN-a7->tt. ^<©Ja-^, X-f3\^i,c\^v^^ 
^j-^L&Svx-^f-^ p v i Y?^|o](C f 

[00 0 6] L&S^^•5f->P V, Ph©X> Yifi^<0 

f -:>?©^^, ^/h©4>©icSifL-rMBj^ft:=&sii'fL-r 

2>*>©i-r-2)i. 7 5'/r'l'U>X7 A~7 D©^^© 
5EffiAX*5 6©{g'C'ay a> x/3«. -e-CL&S^s^- 
>©S/hf-;; 5^t-^K!^j:M<IFr-^&6*i-5.. m«L 
&S^N"5'->Ph©Y:^(D]©jt/hf .:»5=-^Gy (m 
m) . M?B5feI La©jffig*A (/xm) , :3>7=>t>-- 
U>X1 1 3!)^?>U5^^?;UR*-c©Sg^, -r^jrtD^m^gg 
il«:f (mm) tO. L&S>'Si?->Ph*5?)^^T-5 
1 'XlllSf5t©lsI5f ft (0'X3fe5!r>6©fta) ?:2ey (r 
ad) *g-r -5. 1 -J©"? ^ T -f U>X© 

Y:;^|nI©{i/C»Sy aW. sin20y = A/Gy> ya^f 
•sin ey*sl2l3fpI^OC?®fcSnSJ;^«:j^S?)6n.5. 
[0 00 7] Setc. L&S>'<5?->Pv©X:;&|aI©S 
yhf •:'?-^Gx (Mm) <hL, LfeS^-N'^-^P v*^P> 
^^■ti, 1 ;X(5Ii(f:)fe©|llSfft^ 2ex (rad) kLfc 

*a-r^) low^^-fr-r u>x©x:^isi©<i/C» 

Sx/SlJ, sin20x = A/Gx. x i8 = f sin 0 x*H5 

*©!^j*M?sffi (.^m^m.) -c\t. u^i';i/R±©L& 

S>'^•^^->©■5 ^. X:;3[aIfCh•■;/5^^^■r•S-'^•i^->P 

v©®8¥^g:15K:«. 7->;x^j^ffi±fX7^iS]{c^Pfia; 
WK^i.l:^o?c2^x^eis^©■-ir (7^-<r-^ u>X7 a 

i7D, S/c«7v'('T-YU>X7Bi7C) *5e)©<S 
§4M?g5fe:i{|S^# . Y :^|^) f 5^ ^ -5, N- if - > P 

h©jS>^tfeJB:15{c«, y-u x^}^ffi±-c Y7^rSjJc*f?* 
Wfc^.i:^iy/c2;X7KMt©-^r (75 -fr-^ u>X7 a 

i7B. S/ci3:7'^-{T-/U>X7Ci7D) *i?)©ffi 

[ 0 0 0 8 ] i^a. SI K:*ji>-cm2M-*3 K:ttli3fe©5g 
tfii i ^UM-f e O - 4? >; - f .;, ir -^*SiSg $ 
n. ll2^,^3tt75-('r-YU>X7 A-7D©^<?© 

tJWHDf,w«:jB^sns2;*:^feasffeiit|s;-c*o. 

r-/ U>X7 A~7 D©^^©Ai^S«U5^i';UR©y>- 
[0 00 9 ] 

[ L i ^ i -r -5. iSgi ] ±1 B©io # Se^J^fP? tc 

16], t?9;ifiE3S-rs2:&i^j©jiRg^N-i?->(cot,»r©;?)' 
fi?^S^^^saiS*eft#-rs^y!j:Pi*^*-s. ic-5>*5. fife 

©:&{^. #«:±iB©ia5^r«.2:/7[^©^/7CC>^LT4 5 



5 

[0010] ^^m\t. C(Oj:^ tj:fJiMltCm?>XlS.-$ ii 

tmw3^<o^'i ^mm^^m-r s 2 -fj^j< ^ - 

[0 0 1 1 ] 

[sgi^g?^-rs/c6?)(D^is] ^mmci&i.^x\A. &m 
S£*©jf$t«{cjra;iT^T^jg-r-5±5tcb/c. Mimic 

ti^M^ai <cc■r^i:7^^'r^'^>X7©tiftBM) © 
^ ^ > J1,#.*^^bJtS*S©RC 2 .t <3 fe^^fflij©*!^^ 

M.*>eX, Y:^[fi]©^/?Jc5iWc+?4^jlifea5 8 A* 

i3:t:t> X. Ym«li'rM^sn/c4-3©mRS©*^K. 

[0012] S^3feJC*Ji,iT«+^t«il3^8A©4o© 

Si2:3nri,»/c*s> sji^Hjt'«+^ji3fegq8©4o© 
$fe^sp=&S7ejg©*sj:»j ^>/^s < ^ne)4-3©3fe 

l©4)©i:fe<PIi;t?*»J. JS^^XYOMj^.tiflSIB^fe 

^JS, *^i.H*g:;K^^^©3tl6AXi-g:u-c(,>-s„ 
Sfc, ll2K:fci,irEPii. 2yi7c3fei®fiK (ffi^fe®) t 

©M^r^-f, 

[0013] -m>cc(Dm<Dmin^^m.-c\t. 

^'^>X7©*f^iffi©^0 *s?^^$nsJ:^«:!&-,rv» 
MB^7^=^I^F*5©:? - V x^f||M±-c^J^ci5:» 
7lc^lS©^E P©¥Sro i. ®3t:ag©¥Sr i©i:br 
/r, ©C:i«ff{i<l:P¥«n.5. -^-C-e. SI2{C*Jlir 
RC l©4iS?raffif 0. 7-0. 8?!^, RC2©^ 
Sr' ^0. 64r, = 0. 6 4 r /a^fc Lffc < 
<!:> X. Y:^Ial©jl5<f{c3ftLr4 5' /cW Big 0^1:^161 
«:f-;;5^?:WTi.O. 4~0. 4 5 y m©,||i5g©/lIX9vN- 
5? - >K:?t L -C ^>®^^©}^m*s+:0'tcff 6 n-5 J; -5 K: 
02{CS^L/fcRCK C 2 ©S^^ft^-M-^ 
t^Tfegps A©^^fJ:k:oc»-c«> iilf^©||i6Wc:^d 

[0014] 



(4) 6- 1 9 6 38 8 

6 

jSScSP^S- <a2©+^t^?l£a5 8 A©5t^©51-(Bij) 
*Dr*iCC^4#€,±^tCL/!:. C©/t*, fie*©g3^3l£ 
af.-Ctitf U 5ffi;^MHJ J: 0 M-fb L r L S o XK,^tcmii>''^ 

3fej!S5P©SS (pfeS) ©>^'^>;<fcSjS^t3^^,•CC^■5/c 
a&tc. S^^>'^■^^->©^S:i^B#©^^a•?'M,#,gga©^# 

10 tse*©g:}^3feiSJK«©ti^<baisi5ifis«:^^-c$ 

r^, S2©J:5ic+^t^iS7feS|58 A©WiJ«:ffe^t*J 
>©Jl*3tt©^riSjBX. Y:^ifij©5«c'*oc)i*u-ri2--ri/4> 

4 5 • (Xtt 1 3 5 • ) -C^c < -C fe> :*:#6?«©3a):l^*if# 
[0 015] 

[^ifet^n ll3«*:^Bj©|life{f}tcJ:4g;i5i|^^g© 
20 f^L-C*S. *;m^>:7-l*i6©Mia3feI La««R^ 

2T^2M.'^.3 ^ciRn^$nfc©^. 

^4, -r^^'u; KiJ:? -JUKU>X6^^> 

Lr7 5-f r-f U'>X7tcA«^S. M2^j^,3©(ag 
:?7rS]tclp]|£-rSn-^ U-i^i- ^- l 9 A*5i2 
g^n, i/f ^- 1 9 AHIlii)^^ h ("t-i?. IE 

tftHK^s) 1 9 Bfcj;or»$n€>. sfc. mm%\ 

LaW7-7-^TYU>X7 tcAS^ r-5.&\ EllcDlS^,!: 
l5l^«:|i^t'i©?»ffi^3-^!i^:^o*i. ^^rW U 

>X7©*fffifflJ{cS:W.5ffi?feffi (ig^O) 8©ffJt^*s^ S 

30 2©J;'5)tc^ff?7K;!^,*f'^6'fe©©l#^iciiaL.rt,»^,. b 

La®|&^«©^^?iitt**»3*f*b< IftCU 

;t'R-N©MHa^©gHPi!(«J:te^«J/h$ ^cfii ( afif-CO. 
2~0. 4^fi> tCig^^nS. -€-©li^. V=yAr-<\y 
>X7©'l3i^Sl5:^©iUy>h UVXA^-^CBSH^Tfe. T 
^tt>^fl§B^j16 I L a ©|g^«®^g;»'?iT©tf]:S^g|5©^© 

40 JS< CiCC/jr-So 

[00 16] *crii;«fiiBj«<:^o#x..2>t#ti. 

USP. 4.637,691 ^fcggTn^ tiTH J: ^ ji^:?" u Xa 
30?r, =i'J>-$U>X4i7 ^-;l/h'U>X6<?;© 

raoc^f^prt^KSBgu. mmit\ La©te^t^©§^s53- 

U>X7©S*aH|iJ(ctt. 02©J:-5^c^3feaiiffl©jB31c; 

S8 •^'ii^TfejSfflcjiTtetsg *Sf^'5jtgic{sf#-r -5. $ - 

f- I OAtcJr-o-C, gfSAaS«c|pI^^-lt6n.5. 
50 -Cliig^tS 8A575'l'r-fU>X7 ©S^tBfBJtCffig^j* 



7 

I L btJT-i? h H!ij7 ^-JU KU>X 1 3, 5 7- 

1 2*/Myr3>-?>-tf-u>xi 1 tcAS-f-rs, 77 
-3 r :^-c u 5=- ;u R o^^ i» - >«J^t?sg o x—mtc 

[0 0 17] ccf. m^momtsnB^ty^^T 

T'l' L'>X7®MmM (*>L<t3:ig7t:tS8©ffi) «. U 
9^ iURC/^ if - >®CcS* L^r^lS^^C^ - >; x^© 
H^toico-rise. i¥-3r'75?-f T-Y u>X7o 1 o© 
xu^> h U>X-CfP6n/i:*5feag3Ji6©:)£«. n^f' 
>-t^-U>Xl l(cJ:-3rAWft0©W7Kmi!tCo-C 

■7-Ux^^S±t?©{g.C>fi (7!c#AXAie>©Kgf) 
tt. A*tft0©jE9S (sin 0) itbWMilK:**. C© 
ASif ft 0 « . u- 5^ JU R ±©J1 W6<) Aj: / ^• if - > © fc- 9^ 
tcjt;D-r3iS<il*5:fyft-f ^„ X. Y:6rr^©^^fc)il»!9f) 
!^f / 3? - > tcSt-r i> ^'(jM. yet. X (3 ©^S:^;ffitco L » 
rtt. 5fe©!^PB¥4 - 2 2 5 5 1 4^^^^K:K^Sn 

rtiS©T. ccrtt-e©itt?9%*^-r.5>. 
CO 0 1 8] MI^^I Lb©fiSWKJ:-or, u^-i'ji'R 

±<Dm^ev ^■(Dmw^i' ->*>6^^bfcg-iii»f^© 

^•fe. oycieliJT^feD, i 1 o©i;xii]iFf7feDi tit. m 

m^^l>tcm. '>x^^W«:ig■r5. Ur>-Cl'^if)i'K 

±©!|#3£fv ?©^^>'N'5!->«> l-ocoi JKMttT^X) 

ur'5x/^w±^cifs^S3n-^>, '?a:>'^w©^ffi^c»^i> 

X hJl*J^7&3n-Cli^.©-C. i^-f 4?- 1 9 A©M^ 

•^^ 5 i , ug^ 5'J1/R©J1SI>'< $ -->©Ji/jN^3&s IxiP;:^ 

[0 0 1 9 ] -€-©':7:c-'>wl3:, TlcfSAXiSE^Sffil^-C 
2^>C7cSat|-rS;^-r->^WST±l£4£g3n. y!.7-~-i> 

W S T tt u --tf -Tg&H- 1 8 A «c J: s ffi|g{jig©fi-Si|*S 

:^Cca-:J(,i-C< *-if^©IES&:3.^-;; h 1 8B{CJ;DSg 

163 n^>, fir«aiJ-x-^ i-20tt. ^£■©•5*-'^;^T— s^w 

ST. V ^-ffililftax^, h 1 9 B. H-UvVm 

mM=i-- -J h 1 0 A^^JS6<]t<:$iJ{aiTS, - u i. 

Vmmm=i-::-~j h l O AK:3»tL/rt3:, U?-i7JUR©^li 
« J: ^ a iiiiijfflj. S;'c{J:t-^u-i'*^'D©?i7SK:d:^, 

[0 02 0] a4«lll©iyS«^{Cj:Sii5fe®8©:a{^ 



(5) 6- 1 96 3 8 8 

8 

^liWAK^m-twmm-Ci)^. E5{ill4*©lS^^X 
Y i lal— ©M^3^-c^fci #© b 5^ 5? ;UR±©JlSI>'-> df 
— >15B*^SCWk:^L//c*>©-C*€>. HBtcjKbfcJ: 
5fc. u9^i7jUR±tc«u9^*ju®i^i-?^&ja©:/^r^x. 

Yi W^C^»iS«)^J:|fif''^•5^-> P v {kiy 5^KX^I^]) 

i»Aaj->Ph (t^.^BY::&rS]) tifit'<^^v. 

'^t\hic<h^-cm-^tiyxwpf£^^ifi. X. Y:)3fS]© 

K:>ftL-r4 5' 13 5- ) HfeUfc^ffiK) 

n^^a^>-'^•^^->Ta. Tb*><?iE-r^= Co:>j;:^rj:j-<^ 

lHlSSJl^Stbr©u?-i';UTtJ#a©ci-c$>0, 
^f-^Pv, «^^■^^->Ph©f!I^^*^< > ^4^^t>^^■^?- 
>Ta. Tb©SJ&«^^cti©3Ji— ^WC*5, 
[0 0 2 1 ] cn6©''<5'->^wr-2>ug'i';i'RK:?i^ 

LT. S4«:^LfcS3feffi8*iifflb/cMBm^J^*^6 
©MW5fe€:«SWr •& i. (1 2a. :gS2b ®+^tftl3t 
Sn8 Ate:j:o-ci21S§n/t'lo©Ht^SHggP8 1 a, 8 
lb. 8 10. 8 1 dO^/J^rBTfcjaiOr. U-g^^JV 
R±©«t^^•^'->P V ilt^^df-^P h iWigiJB^®^? 

^SiSSJ-fj^tCi^Mro . rtSr®ti^il7t5P8B?: 
^L/. M--^. (jfeWAX®)!**) *^'E>+^1:^ii7feg|58 A 
©5tSgS-COgSb«. r >b®M^{CSS3tl'rt» 
€.0 l^, ft^MifeSPS B®F«3Sx.;>y*5^2cf©RC 1 
tCtSSL. fS^)l7feg|$8B®i^Siiir , 3t)5a:MJ7fe=¥:.¥^P 
L©EEP©SI5aK|!&:g^S (■r«c*>^^:*cgaPtftN. 
A.) «:S*f£;T^*>©i-r-Si. ti^STfeSBS B©f*3S{ii 
riil^filr, <b©tbr/r„ «. 3b-L->X7ri' 

30 [0 02 2] $P.CC. l|4©il3lc«8Kt>t,^r. +?t^ 
a)1£SP8A©X. Y:^|S]©S5fe«gI5{C}*, 
Ta. Tb©*S®tcW55!l%S-?Sg|!8 1 e. 8 1 f . 8 1 

gr. 8 1 h*sjfjfiR3nt:c»s. ae3fc©c®a®fl§w:^s 

r-K. ■e©4-:3©3gB;5g|58 le, 81f. 81g. 81 
hlJ^-CiE^lugPiSn-Ct^/c. C©4o©jSB^g|5 8 1 e 

~8 iYi<o9z>ii^%mm. m%m} ^rf'p-si. 

>P v-^^i^^• if -> P h ©iSSjB$®MSS^^*?lgg* 

>Pv. fii^N-5f->Ph{C)IPfLt:W5SJ^£rat«SH^g|J8 1 

40 a — 8 1 d©{i^®ffia (*Sl>W7feS) (Ctb-ir. 4 
-^©Sl^g|J8 1 e~8 lh©<a<7©ffi|i C&SCHiTfe 

p h tc-5i»-c©ifti#ttfig€r;*:Sf < a^c ^ ® i »tc f, 

[0 02 3 ] CC-Ciffi7fe^8©§ffir (a), a. b® 
M{^t*. O.lr/agag 0.4r/a. O.Ar/a^h 
g O.Sr/cr^iffiK^&i^n-So filaA^ O.lr/a (-T 
^£*>% o.ir„ ) J:'9^>''h3<^c^i. ^l^mmtbX 

so i,p]mjnt0'mm^M) <tf5i*=.^toe.)&<!&:.2,. 
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tc. ■(BaA5 o.4r/a {ttj:iD% 0.4r, ) i'3 4s:*:# 
O'jrSi, 40©St^jlHJgP8 1 a~8 1 dOO^^CD® 

[0 0 2 4 ] *fcfiSb{c-:>l,»rfc. 0.4r /aiO/hd 

m%W.. -rJ^C^D^MBJSBS 1 e~8 1 h ©ffiSA3it:^-r 

^L/<jait>L-C< SCtfc&S. iS*K:fflb*J o.8r/a 

^^iS-^^,'5gilS©?ir^jai^j!)3^e.l,>-CL S ^, 
[0 025] * fcia 4 ^TVihtcimML 8 ©?^t^irtJ. *> 
■ttfttit^ h 5r - > T a. , T b ©ig<lK::^55!l^JJffi 

7fe^^Ia5*#^-Cfc O . *i-343i^©+:?:t^ii:7feg|J8 A©:^ 
a5^W«!-'^'if->P v> ^-'^•^^->Ph©^5^•r?^c<. i4 
&-'>-^f->Ta, Tb{C>!tL'r4.^®^J:fffi7fe®gp?:t> 
i&JfeL/-CI<»6. C©fc^^>^4^t»-'^■i'->Ta, Tb®,1;S^ 

[0 02 6 ] 3-c> m6i<m^^8<Dm2mmmicj:i> 

m^^Tjkl,. S4©3l3f&IS8©1«figi|5IDg|!^{CWIl|— 

©^?^?:ffWr *ililS^II«S*:9fJ(C{*04©«5fe 
^i|lID-C*-2)*s, *it©+^«ii3tgP8 A' ©4''C^K 

¥s r , ( r , > a ) onmmytu^m-tfakin^tj: 

C©J; 5«:®3^j^.©>*i-C>SB^RJFJig*SI5rS'Nt,.-r 
Si, ffiE-'<$->Pv. ^t-'^•^^->Ph©$S^fe{c|abr 
#K:^>5r:«SIJ> ■r!6:t>-^4o©i!tiCaiggiJ8 1 a~ 
8 1 d(D^^<Dm^f}m4a:>m-^J:fJ ii'J^'ts<tj:K) . 
S^W{C^^i)-'^•^^->T.a. TbW^^ltfceab-CW^J^tTfe 
■rJ6c*D^4-:3©M?8g|J8 1 e~8 1 h©^^©ffi 
ftOfd-^AStfA-rS, C©:a, i46b/A-$->Ta. Tb 
©M^B#©fe?^^-^:^.c&g?^;S:^ 4 ©ti-^ J; 0 3 6 CC 

[0 02 7 ] *fcS6©ig5eS8tCj:r>T9f?cK:iffi}feS 

n€>a5:9-H. l:t$j?fl«]k;^tftAXCci5t,i{4S-C-«>f3, 
fl& (WAi3;'5:T:''>±-r©^ilii*iO. 5MmJa±) ©f 

f ?©asM- i?->pv. ffi-f^^f-^ph ©*sfSB#cc^ijs 

m^^^m-ti,9)}ma$>i>i^<D<D. j; wane f ?■© 

;UR±© L & S $ - >*s, ifcfW^fffli^c b- y 
^~>i>. ii>^ci,»^t*«6fcMS©f!i^-c^sn-ctiSii 

^. S6©ig5tffi8?:ffll,^/cai tg^N-ir->Pv. Ph 
©.|g^ff3Aj:ig^Stga, S 4 ©ig3tS 8 <!: # t 
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[0028] CC-CS6 ©M^fetg 8 (0^^^(Dmr&^m 
©¥ar2«. 0.3r/a^ r 2<0.4r/CTeS«C3^ 
fe^n. SS{CKa<r 2<b©^ft^J]ntt$n.5.= C 
Cr^Sr 2©fii*5/h$</j:o-Cig^. a^r2iAj:S 
i. S4©S3fe«8©?f$t^if5ie.^*36fe< ?iorL* 
5fcJ6. $4^6-'^•^^->Ta, T b ©ife^^©M^ggSi!£ 
Ttf-^ffla-^^-^ilSii^-r-SCiCcncS. j£tCi{£S r 2 ©M>& 

10 J*. «s. mj-<i>~>pv. Ph (ommt^<Dm!^M&is::^ 
[0029] mnm^m8(Dm3mmmi.cj:i,jim=S: 

S2(5:B<J«:»g|4©S31£«8©fl5t«i|5}C-C4-5 
i1-J^©^^t^5lcgB8 B©F«gpJ-C> 4o©Ht^3g 
gPB 1 a~8 1 d©^A^©— g|5«:9 0" ©3-:^^:^>o 
ISfeWlitgpsc. 8D«Slt;t*3!»ss>5:S, cne^ii? 
ii3lcgP8C. SDliXIl YI4©7^« i^^f^CX•yi^^: 

20 ^©SS[ii>M^P8C. 8 D«^«jS3I£SI58 1 a~8 
ld©^<?©4J-r\ X#. Y#©*^Ai6S<feMl»a55J' 
CCtawenrfciJ. C©ji:)lfca58 C. 8D©g|553-7!)3 6© 

mmytmtm^-<ii->Pv. mj-<i'~>PhtLxmi> 

»a^ffl?^^^4^6^^• * - > ©ISftB#tc , :^*aigj£:;^fiE>H*5 
if 6^6. <!:C-?.ASjB3fegi58C. 8 D©gp^J'*5 6BS8^:7fe 
cfglK («^A«0. 4~0. 5 iLim©liifi) ©^ 
30 ta^©L&S-'>-^?->©ef^B#K:. «fl^-?>ii*gilg^jS 

[0 0 3 0 ] fieo-CH7©il7l6S8«. CCV(D$^yt 

m-n^ic J: r ffli&±)g^prg|3^cs>'J^ e ?-^{c{s*ffl 

eSifflg© L & S ^ - > gtr U 5^ ^7 ;U R ^Sr^i S|:)tr 
•5©CC®t>rt,i5i#;S.S, S7*»e.Hje*»J5:J;5 

giii>S7lcSI!8C, 8D©i yy©gggfdx, dy 
». CCrttdx<r. dy<r(C^&etl. U^i'jU 
±©K^<3?->. a^-'^•5f->. I48t>-'<if->©#fc;-y^ 
40 A5lJtJlHjfia-c*nt*, $ d X = d y ic^tb hti 
€). -e-LrS7©S3tfi8rt©MttMDJgl38 1 a~8 1 
d©^<?©S^fi«J!tc*'Cv^, (^tiaM'Cv-^J ©figtt. ^ 
ii>S3ta5 8 C . 8 D L. t, ^ <t # ©fi-C^.-i&CaM t 

■^i'©X. YliAi€.©{^dx, dy^/h$ < L-Tl-K 
i. §^t<JjSBJgP8 1 a~8 1 ditmm (JUtJEyjM) 

[0 0 3 I ] mSit. m.'Pi&^^8C. 8D(D^JLyi> 
©X. Ytt*ie)©SE^dx. d y?:tl:«Jflt)'jN3<r€»<i: 

50 thic. +^my&m8A. ^^tmyts&BB, ^'pm 
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U^=^Bf&-r?i4-oa:>mmU8 i e-s 1 h*A?ictt. 
aiC^j?)6tiT(,ia. -e-LTMtt^B^gps 1 a~8 1 d 

fc. C®0©ii3t«8©ti^. 4-:>©)^t<;S?qgP8 1 a 

~8 1 diSHggps 1 e~8 1 hiJi, ^S-CO^JS 

ortr^S. §?>K:4o©^t^3BJSH!8 1 a--8 1 d®* 

h u>x*ji-sCi-rsj:^ic. ■r)^cfD^*>i:.>g[5fc4 

JEy3B(Dm&o:>muic J: o r , 5fe©gi e tc^^ b fc^ 2 
©KilfiW©ii7fcS 8 i |iHi©f'Pffl, jai^^rffS C i*s-c 
C©ti^. 4»'C^©0ftJi5jS3feg|5©^ja©x 5, y© 
Xfi. YW*^^©SEit«. ia6 0P3}i5jSieg|5©^JiSCi 

i5^a©ffiH^csd& 6 n-5 . 

[0 03 2] ^^icmStpiCTfkUtcm^mUS l a~ 

8 1 d©*'(?tCf4®-rS:7 5'('T'CU>X7©J-uy> 

[0 03 3] CC-C0 9i&#fllOr. 04. 06 ~8© 

■^Tk P L tCAS^ b-^cifS^Tt^©®® E Prt-C©^?tf(CO 

t^rsi?8-r*. 0gBEi2{cstjSL.r^ofcfc©t?. 

^© f 9^©iKJ, fl-'^•^->Pv. PhfCjPtbT^ft 

■iritcA'o(omm&%msi><o%mM'L''M.Q o a. 8 o 

B. 80C. BODi. ^©SffiE. «|-'N-5f->Pv. Ph 

i 1^— © b- ©$4i*v ^• $ - > T a K?^ L -C gjgf b 5 n 
/c4 -:>©3e;fifi.i:\'i^.© ^ %©ft^6«j4c 1 -:)©M.C\*8 0 
Ei^> ^liEP±r3\b:fcfe©T*)S. 40©M-i:».d6 
8 0 A-8 0D©5^^«. •SllifeM*©4-:3©mt/tjl?§ 
gP8 1 a-8 1 d©^^©ffiafl^)^d:fi.i:>iat2— g:L-C 
fcO. S'C>'=^,8 0 E«ffiBjgB8 1 eCffiSetJ^ja-C^.-^.i 

tais— urns. * "T. 4 -3©m'i:»* 8 o a ~ 8 o d 
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± 1 y;Iil»T3fe©— X$A. Ytt©^^ iWifStCfig 

-^hmt^^j^.s OB. 8 0 D^aguriis. 

[0034] -ys. S'C'.'^.S 0 E J; ^ tCE[S]S n 

lp!5T3fe± D X, (Is]5?3fe^©a/i:0 (i. S'i:\*8 0 E ^ 
aOX|jl<i:^fJjC^±{C:9-flJ-r'2.*S. ^©14g«S9 0 
10 J:5{cEEEP©g5«ca©?H!iJtC!:c-:>-rO*^©-e. m 

^'->Ph7i^6^-r5 lo©i;>cli]SBiS-Dy. (ID 

^T3fe*©a'C^) KaEPrt©Yfis±K:^^?tJ-rs/cj(?), « 

D y , \tm'<^->Ph ©^BSB^iS J; s a.'ffie«j?i:^ 

^{iLm.tUm,t£i>fc1b. ^>'^•f->Ph©^^^C<i:oT 

8 0 E?:{f5MHmS«. /h$^tffiS©M?ggl58 1 e 7? 
■^i* 0 . ffe© 4 -:>©fi<C\^^, 8 0 A ~ 8 0 D OWMftM-fiC 
20 ifc-i-cfSStc/h^ti, ^©tt»fi^;iL«a8©Ji-&. 

-^r U>X7 ©XUjf> h U>X©^©];b-C^$ 0 , 

^(ofc^. *f*u< j:ct<»i;xiiliT*-Dy, ©7feaa<* 

fetSS(c/h3<. «^^^•^'->Ph©ife^14g6^&||ffl±:^ 

[0 0 3 5] ;^tC#4*^N-5?->Ta {4 5" ) *:>6©*S 

a'Cv*8 0 B 5r 0 ^X^*5jl^ J; ^ (clBfSj^ n/cMW^t 
()gt^BJgi58 1 b<DmMm ©fiS«{Cj:or?,4*-''>*5' 
->TaA^6BaferSIil0f7feK:-:>CirjS'^S. $4&>'>"^? 
30 ->Ta©f-:/g^*5iS. ^^^•;5^->Pv> Ph©fv5=- 
<!:I5]fig-C*^<!:1-?,i. MJ*^'^' ^f- >T a *^6© 1 
MSr^-B ti (Ih]St:^^©M'I:0 a'C\'=^,8 OB* 
ilJ'C^<!:L/c*S2ya (*St»«2x(3) ©R±f, 
ofi-t\* 80Bt80Bt A X *ii o Xt^^W. 
(135" ) ±{cfl[g-r€>. C© iy:PJff:)fc-D t 
, tt. 2-:3©SyCv'^.8 OA. 8 0C*iteA4 5' ©ifigJC 

^c-pTTt^Jtcti/cfibic. i4is£>''''"if->Ta©jtS^ic>ipfbr 

40 [0 03 6] iC6*i, fi'Cv*8 0 E0C^48t)>'N-iz->T 
a*^6©0yiC3fe*i{4®-r6J;0tC. , j^Sjfe® 8 (CjiB^gp 
8 1 e35S|S:l:fe)n-rt>S©t'. igsjass 1 e*^e©MB;3 
7fetcj;-5r$4«!)-'<f ->T ad^e^bft: 1 yi:iHl»r)l£- 
Dt, ' «, a-C\*8 0E?rcf<i:<iU/t*S2y a 
Stnj2 x(3) ©n±r. *^oa-i:\^&8 O E?rji.z, 1 3 
5- <DU (S'C\*8 0 Bi 8 0 D?:*S-S«iSi W) ±{C 
fiST^o -eOS'Cv-^.S 0 E <!: 1 ^^^IsIJiTTfe- D t , ' t 
©{iiSM^«. S'Cv^s 80Ai80Ci *fe^ 4 5"© 

m (^*^<^f->Ta©7-';xs:gst8Jfc*jws*'i:» 
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0;^^7fei■r•2.^4^^>^^•^r->Ta;i6^6Oli>:iISr5fe-D t 

A-^. (8 oHi-rs) cc^jaLTos. c©j:9tc. 1 

^>:[hI*t*- D t , ' ©figfcaajgps 1 hcDM'C^iS 0 

[003 7] J!il±©C i*>e.. aiJSTfe-r'^tfil. 
d?->Pv, Ph. $4«&^<aJ->Ta. TbCOSf5r9^ 

K:#JnL/c®7lcj!ggl5 (iSHJgps 1 e~8 1 h) ©^^© 

a*js^jtc«xii. Ytt±t?ji*>^>, V" 

^ (^!l^«2 0%~3Q%Sa) ttTnTl»-r4>. ^ 
[ 0 0 3 8 ] S 1 0 B*|SHg6D^4CD^^iJCcJ: ^ffSH^ 

r^>. S3*©n';^-i»U>X4<t7"'JXA30 i 
«rji-5?c«eBJ56 I LaK> 0 1 0 ©J: 5fC 1IS@©7 ^ 
-CT-l'l->X7 E:cAi4T-5>. C©77-1'TWU>X7 
Et3:X> Y:a"|S](C4<iT-:'©xU^> hU>X?:S*3?c 
*5©ir-So ^^-^T-YU^X? E©Sxb^> hU> 

x©s*ai«SKit£«E L *jejigm©5»s « 3!p e. ©Mi^T^tt . 

U>XJS2 5€:^>Lr 2l5@©7 7-f'r-i' U>X7F© 

Mm(o±miMm:Lxmsi-r^. 2Ss©-7 7'fT'f 

U>X7 Ftt6 X6^S©iB^Jt?xUj<>hU>X*^ia 

fch(DV. > F U>X©|^HiSi*^^iS;mniSa 

itn/c^rac{3{c3yc7G3icai^ (/^.^fe?®) *i,tsfls$#i5. 
c©2g!:7 5-rT-r u>X3^©ti-^, 2SS©75Yr 

U>X7 F©{i-^r©xu^> h u>X©smMK:{*, 
l|gS©7 7-YT-f U>X7E©S*UlffiK:JKfi£&nfc4 

X 4 <i©,^*asifl**sj^5£s ©r. 3 ;ic5c3KasfiEtt i 
6X3 6m<o<^.imifi2-^X7m(icm^L>tcm^.ttt 

[0 03 9] *^0lj©ia^. 04, 06~8tc 

^b)tJi7ictg8«, 2gB©7 7-YT-<U>X7 F©Sf 

StiS. mi ni7 7 -Ct -^U> XT F©*fa}fBiJK:Ji5fig 
Siafc3;^^7C^^^Siffiitffi8©j&)fea58 A (8A-). 

8 B©Sxyi;^i©iggM<^?r^bfc*>©r*-5o SI 
1 tCTTX-r J: 7 T-f U>X7 F© 1 -^®XU^ 

> h U >X©|^f tUffliJtc tt, 4X4 <i©*3KiS S P *iX . 
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im^8 A ( 8 A •)©J1-Jgx », i;'-?5Sia©te^t*ol3l& 

ass B©F*3SRC UC>Pttt;-r.Sx-;,;xtJ. ^TS^XTCTt 

■r^cto^, ^— ©^-^vfr-f u>x^©iirttS8tc^F 

L/fcJ:^tc^^-i'T'f u>X©xby > h u>X©KM 

ftifi. 231 (tS»>-rA) ^-^-rr-f U>Xl^t?«, ■€■© 

jS©l^tt. m—y "y-ir^ V>Xs^©ii-^J: 0 ^)tSStc 
10 it^ri^-Sfcs?). ciTtiigcb Lr©^feje«ji^cMS:»-7t)«ffi 

[ 0 0 4 0 ] HI 1 2 it:^mmm5<Dmmmtrcj:-it?,m 

mmomi^i^^L. C - 2 2 5 5 1 4-^ 

4>fBCcPI^S*i-Cl,>SJ:^K:, fiSW^rt©7-'jx^«S 

ffi±©X YBIffis^f 4 0©|^i;g©^^ (C^5lfg■r-5>gS^/^• 

XT OA. 7 OB. 7 0C. 7 0 D-C^jS-^ -5, ^bT 

3 'J y - U>X4 *^^©lil:t^^^?T©M0;5:^^^E9^ 
tfl7'';XA2 6-C4-o©3t*iC:&fllU. ^H^ti^A-o 
20 ©7 7-fr-r U>X7 0 A~7 0 O'vASf-T'S). 

i4at>>'^"d?->ffl©ffi?!c?l®«. 4*©:f7"5^>'jJl/:7 T 

-9 0©5feSgB7 0 E. 7 OF. 7 0 G. TOHritJS 

•€■©4*©2^yg=■*;^■7T -Y^-i-g o©{ife^ (Al-f 

Si) 1 *«:^ia6iT., ->-p l 9 A©f|^-C^iK 

[004 1 ] **M^?lIr^i^4^^)-'^■$->ffl©M7t^i*^'f 
«S«|/-«d'->ffl©®ife?!S*{^.S5gi3f43iOTli 
•5)©T, Si^*tl^<^:^t•o/c^?^';l/±tc$4^^)^^■^?-»!»s 

30 ©AI*^(|lJ©3feSS4i6CSIJ©i/+ ^'jlS^e^ ^ JUir- 

(ND:7^;bir-) IrJfALr. ^fei^gPT 0 E-7 0 H 

or5fe4Sgq7 0 E-7 0 H©^7fe?SgE^^{bS-t*.5C i 
di-C#S©-C, U5^i'JL'R±©L&S>'N"i? — >©^-^|4 

>3!»l L&5tii-^tcr£; c -c^ig^c^a^S:^^ ^ c 

h2 0CCA;^^S^tfiJ4teLr4sWtf. 4o©$feJSg|37 0 

40 E~7 0H©#e3ic?as*. ^a&^&^nfc-r— T'ji'fcse 

■5. SI 2tc^L/fcJ:^«:. 40©:?^ -<7'-(' 

U>X7 0A— 7 0D. 4 0©$fe^7 0 E~7 0H*« 
i(iiL{c^t.tiE>47-S*5p>. L-5^d?;UR±©L &S©.'N"^f — 
>©t--^g^K;r£;L:;T. <S-*©7^ -rr U'>X. ^/cti 
$tSS«P€:XYaDF«3f 2;^. Sfctt K^TcfCoItljicbr 
*il,irtJ;(,\ -€-©Jt^. SS^-'N-^->, J.4*'">"i'-> 
©f-^?-j5sp]figr*0. 4-:5©-7 5'-i'r'(' U>X7 0 
A-^ 7 0 D©^ « ©Mffiffi'J©®7fei2i©7feS:S'C\^,*5. X 
50 YffiF«9-C5I&|fiAX?:"f'C»<i:-r5iE:^Ji5©4PB{C)itIc:OA: 
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igg^ii>it«. 4'3CD:7'7-lr-< U>X7 0 A~7 

0 E~7 0 HCD5feBS'C»*®7fefft*ie>©ii'C»at3!)5Sa 
S¥lx < ^ J: ^ i^jrM^^r niaitc-r i J;c>. 

CO 0 4 2 ] i^. 0 1 2(D^ifiEJCte(,ir> 4o©:7^'f 
T-f U>X7 0 A~7 0 DcD^-eilJ. aiOtliJiSKIii 
^t'a • :7^-<T-f u>X3g<b L'T4>J;< , 
-CT-f U>X7 0 A-7 0 D©^A?©S=faj{SiJtCf@J3iKcge 

<&ffl»iJK:, Xl3:^C'r^^6nSJ:5K:L<t:^bJ:l,'«. lo 

iC-ST-a 1 2 KfctiX. :7-5-^r-Y U>X7 0 A~7 

«lKiiii«-C#SCi-C*)-oT. +^M^gP8A. 8 
A' ^^■^^^&Bm^^±tm^iC{^tj:<.xi> 

xi^ct^mmtrz,. mtfiS3teS8±0D#ji3ta5*. 20 

WtmmmibOmSi ( l i^-C«3 6 5 n m, K r F x 
+ t^vu-1frii2 4 8 nm) iC*sl»r9 0%JW±©j(S 

[004 3] $-C. C CT?«TCD->5 3. U-i/g l/(Dgi 

oMnm^om^m 13. 1 4K:m-r. 0 1 3tt!i$^cD 

t••:;5'**■rSif^^•^'->P V, tf/A- if- > P h tcSii 

ro. 1-0. 3) tm-t^pim4^mm<Dm^^<om 
•c* a. 0 1 4 BE 1 3 ©Rji5ggn®f^i*3 0 ic^ ^ JEI3 30 

[0 04 4) -wibt, mi 4icfn-r^mm^=km^^ 
• :^i^> L&s-'^■^^->©jgi^^K:^fe>n■5.L&s>'^"5f 

1 5 ItCTfk-r. C C -CJ^ 5 ^ L — iy a >®^#». 
SA?rii^®0. 3 6 5 [ym] , Si^Tfe^l^PLCD'i; 40 
^^MWCmifc N.A. ^0. 5 0 (U'5^i'JUfP;Jf«0. 

1 ) . &ytm <D$i^fciS7fegP8 B®[^S r ^affi ( r 
/r, ) iLTO. 8 (3i:S:®RJI^ffi5e?!SOafii4>0. 

8 i -r ^ ) > +^iS3fegp®iJio¥M a ^mummwc 

0. 2 8 . rfj:t>-l=, a = 0 . 28r/CT=0. 3 5 r <!: 

i^fc {mmm-c\,t a = o -c+^t^Tesp^c . c c 

r-M*aig (DOF) 1 : 1 ^-or^ F7,-^ 

(L/S) ^^■5^->^cr)a> h^X h*56 0%Jit± 
h®J»$l. 2 Mm. ^(Omtfrmi. 7 KJ: oT^iS S 50 
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-mm. 1. 2/1. 7^0. 7 06 CwmD^rML?! 
t^Aiiili L./i:, S 1 5 ^VZ-^Sm-cmLtciy^ ^ U- 
->^>i^^l^©^#ttDV 1 «. a 1 4©tte*Oii3fc^55:ffl 

mi 4<Dm^w.^m^^tct^o:>pitb (.4b' .135 

• ) L&s^N-5»->{c*f-r.2>^*aia!i$tt€r^-r. mi 

4 ©in^ fie*©^B7tiKJf5«-C « , M fe-' ^■ 4? - > (c>!t-r 

[ 0 0 4 5 ] 13 1 6 «:$|6Hg©m 1 mmm (H4 ) tcj: 
^i^^fet^S ^fflt^fci tOM,'^.^,S#14©-> 5 U-'> 

a>iSm^^T. C ©<»:#. S4i?3©+:?:t^ji7tS|58 A 
OiB©^fiial3:a = 0. 2 8r, =0. 3 5rK5t8t>6 
n. S$©*filb«b = 0. 56r„ =0. 7riL. 
STlciSSA. N.A.. attSl 5©iS^<!:|S]D(CUfco C 
©^#-C©8aS©I : l©L&S.'^•5^->•C©^^,>;^.ggK 
!|#ttD V 2 «, H 1 5 *OtS*©^53lcag 1 4 ) tc 

*). *#6aj©x<i**iSSiS3nri,^S. I^^^t^^•^r- 

jLb--V3>-C«. +?:t^jS7lcg|J©ilis©Wa tS$© 
2 8 r, (iS:^7fe^Jft©6aP 
i5[N.A.®0. 2 8<gf). b = 0. 5 6 r, (mi^ N. 
A.©0. 5 6fS) tlyfcifi. cn6®ffltt-€-ntC|!IS^ 
iT.-5 4i©rBJ^<5feOC^'<;tJ; ^(C. ffla« o.ir 
, ( 0.1- N.A.) ga^ 0.4r ,C 0.4- N.A.) flg-r* 
txl*J:<, ■(lbCC-3>t,>'r« 0.4r„C 0.4- N.A.) ^b< 
O.Sr.C 0.8- N.A.) ^gr*n«. :*:|SBj©a:^;g:f# 
-SCiJSif fc/cL. fiib®±RBtt. *Sr®fii«c 

[0 046 ] 01 1 \f^mn(om2<Dm^m mQ) 

cfc-&S7fefe8^rai,^fci#®*...Sggg#tt©->5 ^ U- 

"5 . -^■^mm%ut ^i.iu^mm%ut ^ria^^b-a-fc 

®-C. ->5 ^U->'a>^m*S3lcigSA^0. 365 
Mm (ii^) . iS:K3fe^JSPLO'5*^«P|!jN.A.=£: 
0. 5 0. il7t1S8®?fMI®li^t^ii3feS|58 B©rtSr 
*CTffi(r/r„ ) ^#f0. 7. +^t^iii^®ilii© 
¥fiia*0. 28r. . SSO^ffib^O. SSr. . 

* U -Ccl3-CvRJf5iS3tBP®¥S c ^ 0 . 4 6 r „ <!: Lfc. 
01 7®i'5^U-i.'a>,SII®<fc5iC. l4«^L&S/>" 

- ^©jfc.'SgEK'RFtt D O 3 . Se3R®a;sr®R JI5ffi3e 

as ( CT = 0. 7 ) -cc^^saigifi^D CKtb-^r^sJc 
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Bfc#3n-C*Jl3. ^t^DL&S^^•^^->K:>!tT 

[0047] CC-C©'>5 aU-i^g>t:«. <P'(.-PiB 

mriliO^fiia. bl^^, 0. 4 6 r /ct{CI!B^$*^5*> 
W-C«)!i<, o.3r/a ( 0.3 -N.A.) <c< 0.6r/ 
a ( 0.6- N.A.) ga-C*nti3|!:|%Hjcc>JS!i:m;J:+^K:# 

•^?)Sii'^-rsc<ttc>i5„ -r^tjD-fe, 0 1 7 t|i©!|$i4D o 

3i)K 0 1 6*©!i#t4D0 2©J;^;c^j:^. S/c, 
DV3cfi-C\ -'-ciJ-^-'^'f 4 5 a mftifitcS ^> 

[0 048] El 8li*#EHjom3©*6fe0iI (07) tc 

■r. {:©tg^©->5:xu-~>3>^«. ^m^^m<D 20 

(r/r. ) ^0. 8. +^iS7feg|58 A©S•^^ffi. 
a. •Sf^fiib*-e-n-?'nO. 28r. . 0. 56r, . 

brjaia©£a/hig3E8 C, 8 DS-COSEgid^O. 6 4 
r„ iL/c. COS 1 8©i-'5 :=L U-->a>,f^5ii. B? 

i. S7©S7feS8 4ffll^/ci*©M*'''«^'->{COI,> 
•C©a*ggS;|$ttD O 4 S4©ii:)t;«8?:fflt»/c<!: 

#©^"^.^1^^140 o 2 (s 1 6 ) . xam 6 ©jl*« 
^mi>^tct^(Dm}^MS.m^D0 3 mn) tmm& 30 
tc3i(#$nt:t,^*i*^<E), $^^tt©L&s>'^■^^->©5%. 
0 . 4 5 M mgs©-? -( >itii©cf s^©Maa©>'''* 

4f->K:ot»Tfc. ^*gilS#ttDV4©SP< , ^ijSil 

[ 0 0 4 9 ] 0 7 ©ig:7fe®*©S(/J^ii^t§|58 C. 8 
D©x-^s;»Sgg|d©fiife. 0. 6 4r. KfS^StlSt) 

Wrtii^d: <, 0. 5r, <d<0. 8r, IIS©®H-C 

±^i,>tn3kAmtifil^. ■?-cr-ll7fC7KO/cig3feffi8 40 

©3fef4Jfi^*^ 6fCil3fe-r-5>S 6 <DJ:^tj:tp,CsPim&ifc 

[ 0 0 5 0 ] S 1 9 »J:k8?©ft:fe{C^^.BgB^r©lBHf © 

i^S :=uU-i^3>ig^*m-r43©r&6, tZ<Dt^(D^ 

f¥^t^^■^^mAio. 3 6 5 umib. -g-Lro. 7 - 

N.A. ( CT = 0. 7 ) K:tg^r-5*S©R}gH5feJ!SO^ 

^, ^(D^f^(D^'iHa=0. 3 5) K:tl^-r-5*'C^R 

JfJg|5*ii7feg|5ib/cli^t>:ffi3tiif.<?:^x.-5. C©<fc^)i 

it^.BBB^f L & S 5f - >fc3t-r 

14DA-Ctt. 0. 4 2 ymJi<±©7-/> (X«^-^- 50 
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m?ig©M,'#,iigs*5f#e.n-s. fif*©n0s^j!?.©i* 
fcfcL. s^^s©^*■;-''^•3f->©s3t^*#A*<b. 

^lC#JliB,m)l©^7feXfi-C{i;^^):c^-^,g|lgj!)Sg*$ 
n. m«64MDRAM-C{i0. 4 5 m mfie©i^ifi 
©L&S>'<i»->K:>i*fOT. *iT?2Atmii(±©M*^e 

i>m!^MS.^ D A -C{* C ©S*^?iS/c-r C i »ll b 
l\ Sfc, ±^©#;iiBi^®©S7t;X?i-C4). ^tcM--^. 

aiS*5!i;>g<h§nTt,^-5>©«s^ ( 1 timmm.) ^icm 

fiKSn-CL^-SSS. <i©L&S^N'^?->f*-2)/ca6. 
HJ©J; ^c^0jtj®ifJl^«&*5«>rwm'5>©-C*5. 
CO 05 n jSS. RiSWKteCi-rti. ytm^Tiim'y'^ 

7"<!;UT il^?rm^Sfc©iL/£:*5. cn«fte©jg?S-C 

-j^3>©^fl:-ca. ia^Tfe^j^ogap^ n.a. =&o. 

Sib, S^tStcJr-D-Cf'f 6n-Sg;*:©ffi7fej®©¥{Sr 
4affirO. 7. XitO. 8<bbfc*5. ggpt& N.A.. 
(Tfii»cnfc|®^3*i5*>©-C»/ai^ /c?!:bafil«:o 
t^rti, 0. 7Ji(±?iSAs?jji!is^]r-<fe^,„ S/cTfeiilffJt^ 
©Sii-Jf$tt, 8 ©te^pfegp 8 B©rtSx V V>-c 

JI^^nSR (a) tcj:or»iJPS§n-£)4>©iL';rc*5, 

vimi'xmm^ (.mm) t^fctK ■e©jBmix:^[6] 

Ji#©&x y©tti/M^e,©Sgg| c ©ffl*5. X:^|t]i Y 

[0052] lli^©MBJ.^*-e«. y-y^r-i u>x© 
s*wa©:7ica^^«7 7-f r-r u>x©&xu'>> h 

>X©iB?tJ{cf£; crBtfjtW. -r % to-^ *»>©glt5(6«3!ti: 
a-^iJ&rS, C©i*, SiU-'O h U>X©if®JKt*: 

^5S:'3ffj-c*-si. iftiis<ji^f.*7fe?®©-?-n^ti©R0Pifc 

(U9^i7Jl.'v©.BSf!g3fc©iE|S]^tt) %X. Y5^r6l-Cfi»^ 

htc^ic, &m^o:>-^mmai. b. c. d©fa^x, 

Y::&[S]-ca^WK:^i^c6-a-SC iA5^>Si;^C-SC i^>£b 
a. Sfc. 2tc|S?B©§||igMfffl(,i.5S7l£ffi8©«Sjl 
S|58 1a — 81d. 81e~8 1 h (C^PtbT j^^J: < .B§ 

Mtc. ^n6©SMSPCc.ffigB^3fe^:«iti3-t±S«3fe^© 

(:?"';XA, 5^-, ■7T-<''^'-^) <&S!C:fSi J:t,^ 
2 6«:^||j5£t«©S7e^8 tiSiSaSij^gpj; 0 fiSS i 
bfc*i. jl^feSB©— gp. Sfc»^T?r*Siggp (SS b 
<»Mia^*S5 0%«T) tb-C4>J:(,^„ S:fc, StIS?: 

-5 igfc J; o r . ii^mf-j:m!^M&'Pmm-'-< 4? - > i #4 

JBi*?:4>-:)/cfflS6©jS3l£S8*. ia3©^r-Ut. h 1 0 
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a5(Df^*> O 1 - 1 5 %gg©Mil^?rf#-^ , A^oMiS 

[0 05 3] Ji(±©Si/5 aU-i^a^^^jiP^igeAi 10 
6 4M-DRAM^B#tCfi6t)n^0. 4~0. 5 

i|ii-9-'^Xr©MjSaiffi*l:b'<r Jg3EP{Ci4ai{)yN-dr 

->©::^©M*^.^«*n?IA# < ts:l\ l^t^hUti 

6, lts©^?i';^[^•r©ig^«>'^•^f->©fc:••:»g^ (^ig 

(c*tL-c. *4fe-'-fif->©tr5'9^ <^iliiif^ 20 
X) <Dij-f}i 1 . 2~ 1 . 5 mmxm>m^. mta® 1 

7 *o^1tyA-^->K:*t-r-5.#tiD V 3itJ-C«*i-!f-< X 
*iO. 42wni©itr> ^if^^A'^f-V©!^!!!!-^ -^Xj&s^ 
©1. 5fg (0. 6 3 wm) -CASi. #4«t>''<*->CC 
*t-r-5!©ttDO3c|3®i^iti-y--<X0. 6 3ym-C©ji,^ 

[0 05 4] iC5-C$t©ll9*>e.W6>*5!icJ:^(c. M 
^ i T s «i * - > © f 5^ tc St L/ trgja^ 1 3 nfc 4 
-:>©7lcSM'i:vi^. ( 0 >>::ilc©fi'C\*) 80A~80DAS. 
!91s7l&^^PL©HEPrt-CiE:&Ji5©§;ftCcfig-r5i 30 

# . t-tzm^j^ n - >© f ^tmrn^-^ii-xD 

?ia>W«:*n^^n6M?B5E;©7fefiK'Ci\ii8 0 EU, MM 

[0 05 5] 1320 tt. «^l|/^•i^->i^48£)-'^•^r->i 

Oh- •vg^M<?Si7&3±iE©i; -5^*^ 1 . AfSiCfi-oXl^i, 

^•*7S-r. c©iii2 otfi-c. ®E pec^?&-rso^X3e, 

1 ycHSf 5ic«#a'i:\*©ia o tcBff ^©;*^# 3 -ce^j 9 ^ 40 
f^o^joif^, ^©jEAso©fl5 (mm) fi, 

7£S8©3iBJgP8 1 a~8 1 d. 8 1 e~8 1 hl?©ffl 
[ 0 0 5 6 ] 112 0©lS-&. MJ*>'Si?-> (4 5* . 1 

3 5" ) 5&ie.#feSfe-r5 4-o©oi>:3fe (s-c^^s o a-b 

OD)(D^^l,cMlx:^Lfcl.XmilT^-Dt, «, SEP 

«. #4^^>'^■ 5f - ©fil^!ft3^;^^s©K'C^.■^ soHisoF so 
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,#.8 0 E ?rO;^3lc<h L•CJlSS>'^•^^->*^e.© 1 ^Xtil^f 
«, i4^i)>'^•:5^->ffl©liaJ3fe^S©M'll^^.8 0 

[0057] C©J;'5i^tO ^X^fe, 1 iXllJ)f7fe©:9'^fc© ^5 
^. ^3fe?iS*fflU/cilr©m''t4'->tC>l*-r.5tt,'iS 
ggejfc*:S(»ll4<g^Si*SRS«>(i, fflEP©*^C^«:3in 
^4o© 1 ;X[p]Jtp!c- D t , T-^S, ^c-cc©<f;^^c 
^©ittcii. SiJ3t^lS©eEP©cti5^gi5©;5fK:M 
*7 ^;l/5'- (ND7 y >iU5f-) ?:gggb> 4-r)(Ol -X 

[0 05 8] 1^. m2 0tp(DmmJ<^-->m(O4-:>COj/t 

mM'C\-^,8 0A~8 0 D'^if^nmmmt, I4a^>^^■^?- 

>m<DA-D<Dj/tmm'CM^8 O E~8 O H^rff S/hS^cR 

ymm(omMm8(Dmm^mitmmcrj:i,, se-s-ciE 

^fe^sibr. 02 OItl©4-^©:*:#^cR00J^i4-^ 

©/^ 5 ift Rfl^smsi ^mmic o :rcj^© fe©*s-e©$ * 

[0059] 

[@M©^«^<cl$i^] 

[01 ] ^^m(om^trj:i,^j^^in^fcm.mm(D 
f4m0. 

[02] *#eHJ«:J;^^^®©Maie«)^tffJ«?:^r 

0. 

[0 3 ] :$:^BjcDjgl5S0!I<t l^r©faS*S5l£J^g©^ff1g 

[04 ] » 1 a^mmmicj: i>^mymm<om^^(omtK 

^^j^T0. 

[05] U9^i'Jl'±©L&S>'<^->©;gKli:^I^©— C?!l 
^jnT0o 

[H6] Sf2©iete«^tcJ:*^Jg*aSffl©ig3fe«©Jf^yi 

^^s-r0„ 

[07] m3(om&0ii,cj:^m}^mmo:>m^^(DB^ 

[0 8] 07©il7tS©J^t«<i::7^-fT-<'U>Xt©i3 
gM(^©— 0a^^^0. 

ma] &m&mi^mLfc^ytm^mi^fci:^<o. s 

RJ7fe^^©Bffi-C©7fem»^S5:^S;e^]tC^T0, 
[010] m4©^Jg«^!l«:j;SBSBJ.3^©— g|5©1ffiX^^J^ 

rm. 

[01 1 ] 01 0©MBJJS«:»ii/d:ig36g©Jf^?r7S-r 

0. 

[012] m5<Dmmmi^.i:^?Mm^<o-m(Dmf!Z^fr^ 
r0. 
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[013] '^(D^B^mm(Dm^m(Di^iK=?:n'--rm. 
[0 1 5 ] 0 1 A(Dmymimi.^fct^<DM.!^M&^ii. 
[016] m4(Dm^mim^^fct^<om!^.mi^<^(o 
[0171 mQ<m%iR^m\.^tct^(D^^Mm?m.<o 

[018] 07®»31cffi*«C^fc<!;^©^l..^.ggg!^cr) 

[019] ^^wm^'ir-^fct^<mMimk.-^<o'^^ 
[01] 
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1 • • ■ •;*tJS7>7' 

7. 7A--7F. 70A~70D- • • •ry^-fT'fU 
>X 

7 0E-7 0H- ■ • • :i■7•5^:t;;^7 7'f^^*-5fe«S 

8 • ■ • • 

11.... a^f'^lf-U^X 
R • • • • u?^i';u 
PL • • • -ij^^jg 
W- • • • 
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[ gpp^E^ ] m 7 gpp^m 2 

[mns) 3^3;g23a (2001. 3. 23) 

[^gaS-^l #11^6 - 1 9 6 3 8 8 

CfiPB] ¥fi£6^7>g 1 5B ( 1 994. 7. 1 5) 

i^m^m ^m'^pf^e - i a e 4 
imm^n] #^¥4-3 42 3 1 e 

HOIL 21/027 
C03B 27/32 

27/54 
G03F 7/20 521 
CF 1] 
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27/54 Z 
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[ffifflH] ¥^1 1^1 2>^2O0 (1 999. 1 2. 
2 0 ) 

[^fettiiE 1 ] 

[it^^2] BifiB^<^'->tt. st»K:ii:3S-rs2:m£itc 

■?-ti^tijgR8tt4Wrs^igfg<b. mflB2:firiaI<!:^^ 



-r.5*r6i«:jiX814*^r.5ll2g5g<h*^a. miSMWi. 

*!riB56tt*IM,*iL'. 3>>-OBuiB2 35rrSltcStIt; 

miiBitjSi^aisiKSissns+^MJigrEiasn. m 

fB7 - «; :t.m^m±-cmcmnEmmyG^?f.<D^m<D^^m 

*r,> mri3+?:SI^®ilii€:2Xa. S342xbi-r 
Si. 0.1ro^a^0.4ro. 0. 4r, ^b^O.Sr ,=S:Mtc 

^ffi±-rm/ci(rfBtaijji£^is©Kffi<D*@* r, i-rs 

i, sulB^'C^gCW^iS r 2(3:0. 3r, S r 2 ^0.4r 

* r „ i -r t . mMiwmsii<o—mmiE&^m3h<o 

ffi^f 4i ©Sgffi d *^ 0. 5 r „ < d< 0. 8 r „ ?r-S§/c-r C i €: 
!f#S!f<trSfi5}t^ 1 ~4®l,>-m:0^-:^tciEti4©KlJSg 

<b. B^riBv;^i;©^^•^->H{c^r^(>T7fe=T^fi^3^C7-';x 
^©KIO^iJ&S^-yx^B, <> 0 < »-?-©Jff^M 
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<»: i fc, BMiB» 2 g3S©Ji»!:;^iPiK:>itit; u fci^M?^ 

SS:^g|5M5r{ix.. miiBmi©7fea^6Dffi^^mriB^2 

[floras] ^::^i'±r'ii:3<-rs2:^rS]t<:mtt^:?*-^ 
mis^i^ f!iiB2^rS]iMife^>53i^tcjiWtt<&}#o|| 

H?iBS3ttlS©t^^il>4 iS.'S i b r mf 2 :^r6l te:>Ff U /c 2 
-3©]^^$i^SS-r Si*, Buia 2 r3©ll;^|i-c*i^3 

4-3©liRg©^>!? {caaiu— ffis-cj^gssn^m 1 
jiMgp i > wmwj^jfi 6 las ts^ffigt-cftris 2 -^©ffi^sii 

±©* ^ © 4 * Biftc . ««|al— ffi^r JFM $ n-5 ^ 2 s 

iaiii3i*^-rsji^te^«^, MiB^izii>'ii2ii^© 
MSfciSDrMiam 1 M3ag|5iffnBi&2Siag|5<tt?-e 

[ ft 9 ] misM^Wtt . Btriai^ 1 ^0^11 2 sisasjiy 
5i-*ii|£@jagij-c* s c i *iRFm<t -r sis^^ s fciBig© 

3^©^ffi©*^g|j(c:fl-:j&-r s mtfx^(o^^mm.^ # s 

[ft*^l 1] •7;:^^!?©^^•5»->?:^7feSS±K:Sl^■r 

«.Si?7fe^.^<t, 7icj!^.*^p,©^?rAS*Lr. 

tc®7lciS5:JfJf!S;U. Ht)iB®7lc?SA^6©7lc?:miie-7;^i;K: 

HaiBM7t;Z!^©^'ffl5tcifi<t(L'/cR©^}iS^ r . mtmitm. 
b^-S-ti-f'tiO.ir /ct^ a ^0.4r/'a. 0.4r/a^ 



b So.8r/CT<t Ur. mFiaffi7fej!S±"C - a i X S a , 
A^o- b 2 b©MJ|!(rti- a gYga> *^-3-bg 
b©M^F«gi©^?Sft?rffi©Sll|SJ:f3 4>^JNS <-r^. 

3r/<Tgc^0.6r/critfci*> H>iiBffi31&aii±T?> 

X' + Y' S c ' ©MlSl*3©3t?£^^ffi©$If|i(J: !5 

m 1 1 CClBtg©t9:^S3^g. 
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